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BBEflEHHE 

OcHOBHUMH HCTO'IHHKaMH B ^ 

yrojib, He^TB, raa, rwpoaHeprKa. HeIt0T<> . 

HHKOB XOTH H B6JIHKH) HO BOB ^ £ HCHOHB- 
puMH cTpaHaMH ywe cenaac R aj[ P ojib b pemeHHH 

BoaaTB Apyrne hctohhhkh BHeprHH 

3T° fi 3a « aMH npHHa ^oMHOH 3HeprHH — aaMenaTeJibHoe aocth- 

HcnojibaoBaHHe aTOMHOH 3HepniH ^eJiGBenecTBO 

3He P re T H.ecKHe 

^“ercHKS C0103 npHOaynHB 

"S* Tl“ M row b^STb.hb BBenena b seilcTBKe nepB«, 

He HaMenaeTCH cTpoHTeJiBCTBO KHJioBarr. Pa3BepTWBai0Tca 
meft MomHocTbio 2—2,5 MHJI ;V chjiobbix ycTaHOBOK RJia 

TaKMce paSoTbi no coBAamno ^Tc ^tomkhm flBHraTeaeM. UIh- 
TpaHcnopTHbix Hejien “ ^ „ 3 H epmn b HapoRHOM xo3aiicTBe 

poKoe HcnojitsoBaHHe aTO TeX HnnecKOMy h xyjib- 

Ty^oMy^nporpeccyt^pocTy npoH3BORHTeaBHBix cna, yae^e- 

hhk) o6mecTBeHHoro 6oraTCTBa. 

* : i : 

* 

CoBeTCKHe «*. 

MHpHoro Hcno^B30BaHH JXeKi^HH, HOCBameHHBie 3THM Te- 

MeHHOH aflepHOH aHepreTn cJiyinaTejieH, o6jiafia- 

MaM, npHBJieKaioT 6on&uioe K anecTBe HJiJiiocTpa- 

k>u,hx cbmoS "ShmTbhhhm BHep- 

THBHoro MaTepnaiia k nonyJI ^ pjivhchtb HacToamaa cepna, 
ran h aAepHBXM peaKTopaM M0*eT nepHORH- 

cocToamaa H3 16 njiaicaTOB. R nnaKaTOB — cbH3H- 

HBOKOa CHCTeMe ft H. ^ e (” poSe BTO». H «,pa, 

PeaKHHH, K P HTH,eCKH* ofybets, BBMeA- 
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— n,a„a. 

“ et® •”*&»«*£! ° bo "' cxe - 

™ »Hcpra“,, M /aJepHMe peaK?opM. a! "o flJI ” JIeKI1B8: 'Atom- 

which*, «ATOMHaa 3 HPnrilt P ’ <<0cHOBM aflepHOH 3Hep- 

0cTaHOBHBm?a aa Sit ™ » P »^ e PeaKTOi,a ' * ». a.'. 

men, eCT6CTB€HHO, CPCpp fl PIO,„ T l OCHo ™ B »m, M ' * eKTOp 

MaHHe Ha oSbacHeHHH HeaHa^MnZ “ coc P e fl° TO ™BaTb bhh- 
Mep, ecan jieKTopy naao pacSa^I MaTe P Hajia - T ™> Hanpn- 
pomo noflroTOBJieiiHbiM cSymaTejiaM ° f? epHMX peaKTO Pax xo- 
6erjio nepstie ceuh njianaTop * ’ OH MomeT n OKa3aTb 

JiOHceHHio MaTepnajia cojpnwai CHOB Hoe BpeMa nocBHTHTb H3- 
Ecm »ce B njIaKaTax 8-14 h 16. 

Bbix ceMH njiarcarax cxenyer octZZ 1 ’ BWC0Ka ’ T0 Ha nep- 
po6 H ee. flyeT ocTanoBHTBCfl HecicojibKo no fl - 

npOHX^K)CTpHpOBa?b Ka o6^pHblfi 3M05KHO flOCTaTOHHO noj IHO 

HHX C HflepHog aHepreraKou tn KPyr Bon P° COB ’ csasaH- 

npHBOflHTCH B noacHemrax. ’ flonojiHHTejiBHbiH MaTepnaa 

Ha pa 3 fle”bi H B a oOT^craHH c tcmT CBa3Hofi *8*^, pa.36HTOH 
coflepacaTCH MaTepnajibi HenooZZ njIaKaTOB - B noacHeHnax 
6pa»ceHHOMy Ha naaicaTe ° OTHocaipHeca k hso- 

tob MeHc fl y njiaica- 

cTaBjiaiomHe HHTepec ana cjivtZ THH ^ e f BHHe CBefleHna, npea- 
H BOAopo^HOH 6oM(5ax, o pas/ejiSZL HanpHMep ’ 06 aTOMHO]S 
06mee aaMenaHHe: * T> 

nOAWpKHBaTb, ^TO H306Da3KPmra BGCE>Ma Ba^CHO 

IIJIAKAT 1. nepHOflHHecKaa CHCTeMa aaeMemroB 
A- H. MenflejieeBa 

Ha Ta°S™™*l“xT6pMOBS8° xH H " e<iT CJ,OWH “ fi «>««• 

=L « ££ 

* TOMO *‘> » 3TOft H oepitH 'rwaKato^He^ocM^amTca^* H ‘““ no * (*»» 
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kohiiob Hepa3^oatHMbie aemecTBa, Ha 3 btBaeMbie ajieMeHTaMH. 
Bona, HanpHMep, coctobt H 3 flByx aaeMeHTOB — xcacaopofla a 
Boaopona. B cocTaB B 03 flyxa bxoabt 6oaee flecaTB saeMeHTOB t 
KHCJiopofl, aaoT, yraepofl, reaaii, hcoh, aproH, xceHOH h ap« 

B npeBHeft B 03 HHKJI 0 npeflCTaBJieHHe oo aTOMe (®t 

rpeaecicoro caoBa — HefleaaMbiii), KaK 06 aneMeHTapHofi He- 
pa3Jio»HMoii aacTaije BemecTBa, — MeabaaftmeM «Kapnane» 

MHp03flaHH«. „ VT7TTT 

PaCoTbi BUflaiomeroca aHraaftcKoro yaeHoro aVUI boks 
TT jKOHa ftaatTOHa npaBeaa k yTBep»fleHHK> aTOMBCTaaecKOB 
Teopaa B xbmbb, a no3flHee 3 Ta Teopaa nepeuina a b $B 3 HKy. 

Meabaaftmae aacTB«u caoatHoro semecTBa, cocToamae as 
aTOMOB, 6 hjib Ha3BaHw MoaeayaaMa. Bee xaMaaecaae npeBpa- 
meaaa BemecTB 3aKaioHaioTca b coeflaHeHaa aaa paateflaae- 
aaa aTOMOB aaa Moaeaya. HanpaMep, npa coenaaeHaa flByx 
aTOMOB BOflopofla a oflaoro aTOMa aacaopofla oopasyeTca mo- 
aeayaa boabi a t. n. 

Bee aTOMa KpaaHe Maa. Taa, OflaH aTOM ypaHa BecaT ©Koao 
0 000 000 000 000 000 000 000 4 rpaMMa. Taa aaa sto oneHb 
Maaaa BeaaaaHa, to BMecTO BwpaaceHaa Beca aTOMa b rpaMMax 
noab3ya)Tca OTHOCBTeabHbiM aTOMHbiM BecoM, npaaeM 3 a efla- 
aafly npaaBMaioT Vie Beca aTOMa aacaopofla BeaaaaHy, 
npa6aB3BTeabao paBHyio Becy caMoro aeraoro aTOMa — aTOMa 
BOflopofla. Atom ypaHa b 238 pa 3 Taacenee aTOMa BOflopofla, 

caeffOBaTeabHO, aTOMHbiii Bee ypaHa paBeH 238. 

B 1869 rosy Beaaaaii pyccaaft yaeHbia H. MeHfleaees 
ycTaHOBaa, hto' xaMaaecaae cBOiicTBa aaeMeHTOB 3aBacaT ot 
ax aTOMHwx BecoB. Ecaa pacnoaosaaTb Bee aaeMeHTH b nopafl- 
ae B 03 pacTaHaa ax htomhux BecoB, to aepe 3 onpefleaeHHbie ne- 
paoflbi 6yflyT BCTpenaTbca aaeivteHTbi c oaeHb cxoflHbiMB xhmh- 
aecaaMa cBoiicTBaMa. Pacnoaaraa 3 th aaeMeHTbi flpyr nofl flpy- 
roM, MeHfleaeeB nocTpoaa nepaoflHHecKyio cacTeMy aaeMeHTOB. 
Oaaaaaocb, hto HMeeTca Bcero fleBaTb BepTaaaabHbix cToaou;oB; 
aaacflbift B 3 hbx cocraBaaer rpynny. BaeMeHTbi aaaefloft rpyn- 
nu oaeHb cxoflHU Meacfly co6oa no cbobm xaMaaecaaM csoa- 

CTBftM, 

JIio6ob aaeMeHT b nepaoflaaecaoa cacTeMe MeHfleaeeBa 
xapaaTepa3yeTca flByMa aacaaMB — nopaflaoBWM HOMepoM a 
aTOMHbiM BecoM. 

IlepaoflBaecaaa cacTeMa BMeeT rpoMaflHoe 3HaaeHae flJiJ* 
Bcero ecTecTB03HaHaa, b tom aacae a flaa B3yaeHaa aBaeHaa, 
npoacxoflamax b aTOMHbix aflpax. 


IIJIAKAT 2. OrpoeHae aTOMa 

flo Haaaaa XX Beaa caaTaaocb, hto aTOMbi asaaiaTca Meab- 
aaftinaMB flaaee HefleaaMWMB aacTBflaMB BemecTBa. OflHaKO 
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0Ta TO ™ a 3 P eHHH He noflTBepflHJiacb flajibHenmHM pa3BHTHeM 
iiayKH. Bjiaroflapn pa6oTaM Qojibiuoro HHcaa HccaeflOBaTeaen, 
cpegH KOTopwx ocoSeHHo cjieflyeT otmcthtb 3. Pesep^opfla h 
H. Bopa, omjio ycTaHOBJieHO, hto aTOMH HMeioT cnoatHoe cTpo- 
eHHe, HanoMHHaiomee CTpoeHHe cojiHeraoit CHCTeMM. B peHTpe 
aTOMa HaxoflHTca nojioacHTejibHo 3apaaceHHoe aflpo, BOKpyr 
KOToporo ABHacyTca OTpapaTejibHo 3apaaceHHbie ajieKTpoHbi 
cfapaa; a,apa, a Taicace hhcjio saeiCTpoHOB b aTOMe paBHbi no- 
paflKOBOMy HOMepy saeMeHTa b nepnoflHvecKOH cncjeMe MeH- 
fleaeeBa. HanpHMep, aTOM ypaHa, 3aHHMaiou];nH b nepnoflHHe- 
CKOH CHCTeMe fleBaHocTo BTopoe MecTo, HMeeT 92 nojioacHTeab- 
hwx 3apa#a b a,ape h ctojibko ace ajieKTponoB. 

B uejioM aTOM ojieKTpnaecKH HefiTpaaeH. 

3jieKTpoHbi b aTOMax pacnojiaraioTca HecKoabKHMH «cao- 
bmh» (BepxHHe pncyHicH njiaxaTa). HanpnMep, b aTOMe rejina 
HMeeTCH OflHH CJIOH, COCTOamHH H3 flByx SJieKTpOHOB ; B aTOMe 
KHCJiopofla — flBa cjioa (6aHHcaiimHH k a^py cjioh o6pa3yex 
2 ojieKTpoHa, a caeflyiomHH — 6 aaeierpoHOB). 

Pa3Mepbi aTOMOB oaeHb Majibi (hhhchhh jieBbifi pncyHOK). 
Jlflpa ace b flecaTKH thchh pa3 MeHbine aTOMOB. Ecjih npeflCTa- 
bhtb ce6e aflpo BejiHHHHoit c bhuihio, to flnaMeTp aTOMa paB- 
hhjich Obi necicojibKHM cothhm MeTpoB (hhhchhh npaBbiit dhcv- 
iiok naanaTa). 


IIJIAKAT 3. CTpoeHHe aapa 

Hflpo HMeeT caoacHoe CTpoeHHe. Oho noaoacHTeabHo 3apa- 
aceHo, Tax Kax b ero cocTaB Bxo,a;aT aacTHijbi c noaoacHTeab- 
HbiM 3apaflOM — npoTOHbi. floaro 6buio HeacHO, Kaicne em;e na- 
CTHnbi BxoflHT B cocTaB a#pa. OicoHHaTejibHo 3TOT Bonpoc 6bia 
BbiacHeH B 1932 ro,a;y, Korfla 6bijia OTKpwTa HOBaa HacTHija, no- 
ayHHBuiaa Ha3BaHne neiiTpona. Bee HeirrpoHa onasaaca iiohth 
paBHWM Becy npoTona, ho b OTjiHHHe ot npoTOHa HeiiTpoH He 
HMeeT aaeKTpHHecKoro 3apafla. B tom ace rofly 6wao Bbicica 3 aHO 
npeflnoaoaceHiie (J]j. ,1^. HsaHeHKo), hto a^po coctoht h 3 npoTo- 
hob h HefiTpoHOB. B flaabHeihueM 3 to 6biao noflTBepacfleHO 6 o. t i 
IXIHM KOJIHHCCTBOM OnbITOB. 

IlpH noMOHj,H nepHOflHHecKOH TaSaHHbi H. MeHfleaeeBa 
MoacHo cpa3y CKa3aTb, cKoabKO HefiTpoHOB h npoTOHOB co,a;ep- 
jkhtch b HApe flaHHoro ajieMeHTa. 06m;ee KOJiHHecTBo HacTHu;, 
Bxofljnu,Hx b hapo, Ha3biBaioT MaccoBbiM hhcjiom; oho paBHO 
oKpyrjieHHOMy aTOMHOMy secy. ITopaflKOBbiH HOMep ajieMeHTa 
noKaabiBaeT hhcjio npoTOHOB b «Ape; pa3HocTb MeJKAy Macco- 
BbiM HHCJIOM (HJIH OKpyrjieHHbIM aTOMHbIM BeCOM) H nopHAKO- 
bmm HOMepoM ajieMeHTa AaeT hhcjio HeHTpoHOB. HanpHMep, 
b hapo yrjiepoAa c nopHAKOBbiM HOMepoM 6 h aTOMHbiM BecoM 
bxoaht 12 6 = 6 HeHTpoHOB (sepxHHH npaBMH pwcynoK 
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njiaKaTa). IIopaflKOBuii HOMep ypaHa — 92, a atoMHuft Bee — 

238; 3HanHT, b Hflpo ypaHa bxoaht 92 npoTOHa h 238—92-148 
HeilTpOHOB. 

Beca HeftTpoHOB h npoTOHOB npHMepHo paBHBi, a sec ajieic- 
TpoHa iiohth b 1840 pa3 MeHtrne Beca HeifcrpoHa hjih npoTOHa 
(hhwhhS jieBMft pneyHOK njianaTa) ; caeAOBaTejiBHO, ochobhbh 
Macca aTOMa coepeAOToneHa b aApe. 

Kan mm yace tobophjih, MecTO ajieMeHTa b nepHOAHHecKOH 
cHCTeMe onpeAejiKeTca 3apaA0M aApa, aPY™mh cJioBaMH, hh- 
cjiom npoTOHOB b aApa. IIoaTOMy Ha oahom h tom ace MecTe b 
T & 6 mme MeHAeJieeBa MoaceT ctohtb ojieMeHT, aApa KOToporo 
HMeiOT OAHHaKOBOe HHCJIO npoTOHOB, HO pa3H0e *IHCJIO 
HeiiTpoHOB. TaKHe pa3HOBHAHOCTH BJieMeHTa noJiy^HJiH Ha3aa- 

HHe H30TOIIOB 1 . 06jiaAaH OAHHaKOBMMH XHMHHeCKHMH CBOHCTBa- 
MH, H30T0IIH OTJIH^aiOTCH JIHIHB aTOMHMMH BecaMH. HcCJieAOBa- 
HHH nOKa3aJIH, HTO 6 OJIBIHHHCTBO npHpOAHMX XHMH^ieCKHX 3Jie- 
MeHTOB HMeiOT H30T0IIM. TaKHe H30T0IIH IIOJiyHHJIH Ha3BaHHe 

ecxecTBeHHMx hjih npHpoAHBix: y onoBa hx 10, y pTyTH 7, 
y ypaHa — 3. KpoMe ecTecTBeHHBix H30TonoB, y 3jieMeHTa MoryT 
6mtb TaKace HCKyccTBeHHMe H30TonM. B HacToamee BpeMH no- 
JiyneHM HCKyccTBeHHMe H30T0nM 6oJIBIIIHHCTBa aJieMOHTOB. 

H30toiim BOAopoAa (hhokhhh npaBHii pneyHOK njianaTa) 
HMeiOT oco6Me Ha3BaHHa — aerKHH boaopoa (oahh npoTOH b 
HApe), THHCeJIBIH BOAOPOA HJIH AeHTepHii (OAHH npOTOH H OAHH 
HeHTpOH B HAP©), TpHTHli (HCKyCCTBeHHMH H30TOn; OAHH npo- 
TOH h A Ba HeftTpoHa b hap©)* npnpoAHBiH boaopoa HBJiaeTca • 
cMecbio AByx h30toiiob — jierKoro BOAopoAa h AaS Te PHH. flen- 
TepHH b npnpoAHOM BOAopoAe coAepacHTca oneHb Majio oko- 
jio 0,02%. 

IIpHpoAHaa BOAa coctoht b ochobhom h 3 aTOMOB KHCJiopoAa 
h JierKoro BOAopoAa. Ho HMeeTca TaKxce BOAa, coA^pncamaa BMe- 
cto JierKoro «TaacejiMH» boaopoa; Tanyio BOAy ecTecTseHHO Ha- 
3BiBaTB «TaacejiOH». 

IIpHpoAHMH ypaH ABJiaeTca cMecbio Tpex h30toiiob — ypa- 
Ha 238, ypaHa 235 h ypaHa 234. OcHOBHyio Maccy npnpoAHoro 
ypaHa cocTaBJiaeT ypaH 238 (99,28%); Ha aojho 
npnxoAHTca 0,71%, a ypaHa 234 — Bcero okojio 0,005 /o. noay- 
neH TaKHce paA HCKyccTBeHHwx H30TonoB ypaHa: ypaH 239, 
ypaH 233 h AP* 

Cym,ecTBOBaHHe h30toiiob — BecBMa BaacHBifi $aKTOp b no- 
jiyHeHHH aTOMHoii 9HeprHH. 


1 Cjiobo «h 30 toiu npoHcxoflHT ot rpe^ecKHx cjiob, 03HanaiomHx «Ha- 
XOAHIUHftCH Ha OAHOM H TOM 5Ke MeCTe>. 
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IIJIAKAT 4. ^exemie aaep 

Sflpo COCTOHT H3 HeHTpOHOB H npOTOHOB. Y HeHTpOHOB HeT 
3apaAa, HO npOTOHBI HM6IOT OflHHaKOBMH nOJIOJKHTejILHBIH 3a- 
pH//;, cjie^OBaTejiBHO, ohh floaatHBi OTTaaKHBaTBca flpyr ot flpy- 
ra h tgm cmibHee, neM MeHBine paccToaHHa Meatfly hhmh. TaK 
icaK b Hflpax npOTOHBI HaxoflaTca ape3BBiaaHHo 6jih3ko flpyr k 
Apyry, to itaatflBiH npoTOH floaateH c orpOMHoft chjioh orraa- 
KHBaTBca ocTajiBHBiMH npoTOHaMH aflpa. HecMOTpa Ha 3 to. npo- 
tohbi He pa3JieTaioTca h aflpa oaeHB ycTOHHHBM. 9ia ycTOHHH- 
boctb oSBacHaeTca TeM, hto Meatfly aflepHBiMH aacraijaMH 
(HeHTpOHaMH H npOTOHaMH, HeHTpOHaMH H HeHTpOHaMH, npo- 
TOHaMH h npoTOHaMH), fleitcTByioT em;e oco6Bie, TaK Ha3BiBaeMBie 
aflepHbie chjibi npiiTaatemia, KOToptie HaMHoro npeBocxoflaT 
ajieKTpocTaTHaecKHe chjibi OTTajiKHBaHHH. IIooTOMy flaa pa 3 - 
flejieHHH aflpa cocTaBaaiomHe ero aacTHijBi Haflo 3aTpaTHTB 
SojiBinoe KOJinnecTBo 3Hepran (sHepraa csa 3 H aflpa). Hao6opoT, 
ecjiH 3TH nacTHflBi coeflHHHTB bhobb b Hflpo, to floaatHa OCBO- 
oflHTBca 3Hepraa, paBHaa aHepran cbh3h aflpa. CaeflOBaTeaB- 
h°»; TeopeTHHecKH HanSojiee npocTBiM nyTGM noayaeHHa Hflep- 
Hoii aHeprHH aBjiaeTca coeflHHeHHe HeHTpOHOB h npOTOHOB b 
HApa. 

IToflo6Hoe aBJieHne HMeeT MecTO npn KOHfleHcai^HH napa 
(Moaenya soflBi) b BOfly, conposoacflaioifleHca, kbk H3BecTHo, 
BBiflejieHHeM ©HeprHH b BHfle Tenjia. CymecTBeHHoe pa3anaHe 
3 aKJiiOHaeTca, oflHaKO, b tom, hto npn coeflHHeHHH («KOHfleHca- 
aflepHBix nacTHi^ floaatHa BBiflejiHTBca aHepraa, 3Ha™- 
TejiBiio SoaBinaa, aeM npn KOHfleHcaijHH MoaeKya. TaK, npn 06- 
pa 30 saHHH oflHoro rpaMMa Taateaoro BOflopofla H3 aernoro bo- 
flopofla h HeHTpOHOB MoacHo 6uao 6bi noaynHTB cToabKO ace 
Tenaa, cnoaBKO BBifleaaeTca npn cropaHHH onoao 3 t yraa. 3to 
ecTecTBeHHo, Tan KaK aflepHBie cHaBi bo mhoto pa3 6oaBme cna, 
flefteTByioiflHx Meatfly MoaenyaaMH. 

OflHaKO TaKOH MeTOfl noayaeHHa aflepHoii aHepraa He HMe- 
eT npaKTHnecKOH i^ciihocth no toh npocToft npHHHHe, hto b 
npHpofle HeT b flocTaTOHHOM KoannecTBe cbo6oahbix *HeHTpo- 
HOB , OHH HaXOflaTCa B OCHOBHOM B CBa3aHHOM COCTOaHHH B Hfl- 
pax. MoatHo 6biao 6bi noaynHTB HeHTpoHBi, BBi6nBaa hx H 3 
Hflep; ho npn 3 tom Ha BBi6HBaHHe oflHoro HeHTpoHa npnxoflH- 
aocb 6bi 3aTpanHBaTB onoao tbichhh 3apaateHHBix aacTHi*. 
Kaatflaa H3 hhx floaatHa oSaaflaTB SHepraeii, 6oaBiue 
toh, KOTopaa Moraa 6bi 6bitb noayneHa npn noMom;H bbi6hto- 
ro HeiiTpoHa. KaK bhaho, dtot nyTB TaKate He HMeeT npaKTH- 
HeCKOH IjeHHOCTH 1 . 


„ * 0 flpyroH bo3mo5khocth — coeflHHeHHH 6ojiee 
HeHTpOHOB h npOTOHOB) b aflpa 6ojiee Taacejiue 6yaeT 
(njiaKBT 15 ). 


JierKHx Hflep (a He 
paocKasaHo flajitme 
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©AHaico ocTaeTca eme oflHa bosmoskhoctb. ttyo» y Ha« hm«- 
eTca haPo KaKoro-an 6 o aaeMeHTa. ftonycraM Tenept, wo Ka- 
khm-to cnoco 6 oM mm H3 oraro «AP a noayraaH APyroe, y koto- 
poro npHTHMceHHe MeacAy ha©Phmmh HacraijaMH 6 oabine, mom 
y HexoAHoro «APa* HHane roBopa, AonycraM, wo mm noaynn- 
jui h 3 «Apa c MeHBUieii aHepnieft cba3H hapo c 6 ojn>ineft 3Hep- 
mei* cbk 3 h, to ecTB H 3 MeHee y ctoh HHBoro «AP a ~ “ 6 oaee ycToft- 
tiHBoe. TaKoe HAepHoe npeBpameHHe 6 yAeT conpoBoacAaTBca 
ocBo 6 oacAeHneM dHepniH b KOJiH^ecTBe, paBHOM pa3HocTH Meac- 
Ay 3 HeprHHMH cbh3h KOHeHHOTO h Ha^ajiBHoro aAPa. 

flAepHoe npeBpameHHe c o6pa30BaHHeM 6 oaee ycToitaHBMJc 
ha$P H 3 Menee ycTOHHHBMx, HMeionm® npaKTH^iecKyio U^h- 
HOCTb, 0MJIO OTKpBITO B 1939 rOAy o. TaHOM, <I>. UlTpaccMaHOM 
h JI. MeiiTHep (BepxHHfi pHcyHOK). 9 to npeBpam® HHe aaKaioHa- 
•tch b cJieAyiomeM. IIpH nonaAaHHH HeifcrpoHa b hapo Taaceao- 
ro aaeMewa, cToamero b KOHije Ta 6 anijM MeHA©JiaeBa (HanpH* 
Mep, ypaHa), aAP°> noraonja^ HeifcrpoH, B036yacA & eTca h 33T6M 
MoaceT pa 3 AeJiHTBca Ha A Be nacTH (^ockoakh*)* KaacAw® ocko- 
noK aBJiaeTca «ap° m 6 oaee aerKoro aaeMeHTa (HanpHMep, 6a- 
pHa h KpHnTOHa), 

PeaKim® ha©P o 6 jiaAaer A®y M * ohbhb BaacHMMH 

cBOHCTBaMH. Bo-nepBbix, npn AeaeHHH aAep ocBo 6 oacAaeTca 
orpoMHoe koahwctbo aHeprmi, TaK Kan HAPa-ocKOAKH 6oaee 
ycToiiHHBH, 'leM HcxoAHoe hapo ypaHa. Ilpn pacmenneHHH Bcex 
ha©P, coAepacaiimxcfl b 1 r ypaHa, bma©Jihtch Taaoe KOJiHne- 
ctbo 3 HeprHH, Kan npn cropaHHH okoao 2,5 t yraa. OcHOBHaa 

HaCTB 3 TOH OHeprHH yHOCHTCa OCKOJIKaMH, pa 3 JieTaK>mHMHCa 
C OrpOMHOii CKOpOCTBK). npOXOAH CKB03B BeiIJ®CTBO, OCKOAKH 
cTaaKHBaioTca c ero aTOMaMH, nepeAaioT hm cboio 3HeprHK>, ko- 
Topaa npeBpanjaeTca b Tenao, a »to BeAer k noBMinemito TeM- 
nepaTypM BeujecTBa (hhhchhSi npaBBift pncyHOK naanaTa) 1 . 

flpyrHM BaacHMM cboSctbom peaKijHH A e<?ieHHflt aBaaeTca 
o6pa30BaHHe napaAy c ockoakbmh A»yx-Tpex cbo 6 oahmx Heft- 
xpoHOB. OTKyAft 6 epyTca cBo 6 oAHMe HeiiTpoHM? B TaateaMX 
aApax npesHHieHne HeiiTpoHOB HaA npoTOHaMH 3 HaHHTeaBHO 
SoaBine, neM b aerKHx; HanpHMep, b HApe ypaHa 235 HMeeTca 
143 HeiiTpoHa h 92 npoTOHa, b aApe 6 ap hh coAepatHTca 81 Hefi- 
TPOH H 56 npoTOHOB, a b aApe KpnnTOHa 47 HeiiTpoHOB h 36 
npoTOHOB. IIooTOMy b caynae AeJieHHa ypaHa, HanpHMep, Ha 6 a- 
pnii h KprarroH, onaaceTca 143 — 128 = 15 «ahihhhx* HeiiTpoHOB. 

flBa-TpH H 3 3 THX HefiTpOHOB 0 CB 060 ACA a K)TCa nOWH B MO- 
m«ht nenemui HAP a (TaK Ha 3 MBaeMMe MraoBeHHMe HeiiTpoHM). 
OcTaasHMe «ahihhhg» HeftTpOHM ocTaiOTca b ocKoaKax. BsHAy 


l Ha 3TOM pHcyHKO KaacflMft H3 aTOMOB noKa3aH «o ctojikhobokhh h 
nocjie CTOJIKHOBeHHH. 
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3Ha^HTe;ibHoro H36biTica HefiTpoHOB HApa-ocKojiKH OKasbiBa- 
iotch HeycTOH^HBbiMH. V^enhuiemie HHCJia HeHTpOHOB B Ta- 
KHX HAPaX-OCKOJIKaX MOHCeT npOHCXOflHTb flByMH nyTHMH. He- 
KOTopoe hhcjio HeHTpOHOB (npHMepHo B 100 pa 3 MeHbine, Heiu 
MrHOBeHHbix) HcnycnaeTca ocKOjrcaMH nocjie Rejieimsi n^pa c 
pa3Jin x iKbiM 3ana3,a;biBaHHeM — ot HecKojibKiix ^ecaTbix ce- 
Kyu^bi AO OAHoft MHHyTbi (TaK HasbiBaeMbie «3ana3AbiBa- 
K>n^He» HeiiTpoHbi). BojibinaH ace hbctb H36biTOHHbix HeiiTpoHOB 
b ocKOJiKax, HcrrycKaa ajieKTpoHbi, npeBpam;aeTCB b npOTOHbi. 
TaKHe npeBpameHHH nponcxoAHT ao Tex nop, nona H 3 HeycTOH- 
hhboto HApa-oeKOjiKa He boshhkhct ycTOHHHBoe hapo Hoeoro 
BJxeMeHTa. Tax, o6pa30BaBuieecn HenocpeACTBeHHo b momcht 
Reneimsi ypaHa 235 «APo Tejuiypa 6yAeT HcrrbiTbiBaTb cjieAy- 
Jom,He npeBpanj;eHHH : 


Te.uiyp 


/52 nporoHa \ ^ / uo n^ujutid \ 

\85 HeHTpOHOB/ 114 \M HeHTpona / 


/53 npoTona \ 


HeailM npOTOI.OB\ _ B A 56 

\82 neHTpona/ a P H " y8l 


Keen on 

npOTOHon\ 
HeHTpOH / 


upoTona\ 
HeiirpoHa ) 


B peayjibTaTe nojiynaeTcn ycTOHHHBoe sir po 6apHH. 

flejieHHe HA e P conpoBoacAaeTca TaK^ce o6pa30BaHHeM raM- 
Ma-JiyneH, 6ojiee acecTKHx, neM, HanpnMep, jiynn PeHTreHa. 

CorjiacHo^ coBpeMeHHbiM npeACTaBjieHHaM, Revenue Taace- 
Jibix «Aep HeHTpoHaMH nponcxoAHT cjieAyiomiHM o6pa30M (sepx- 
hhh pncyHOK). B Taacejibix sir pax HMeeTca mhoto npoTOHOB. 
BcjieACTBHe ototo ojieKTpocxaTHHecKHe chjibi OTTajiKHsaHHH 
CTaHOBHTCH CTO Jib 3HaHHTeJIbHbIMH, HTO OHH C TpyAOM npeOAO- 
JieBaioTca HAepiibiMH cnjiaMH npHTHHceima. noaTOMy TaKHe ha- 
pa^6yAyT OTHocHTejibHo HeyeTOHHHBbi. Ecjih b «APO nonaAex 
HeHTpOH, TO, CHJIbHO B3aHM0AGHCTByfl C HAepHbIMH HaCTHIjaMH, 

oh 6mctpo nepeAacT hm cboio aHeprnio. HAepHbie HacTHijbi npn- 
AyT b 6ojiee HHTeHCHBHoe A B HHceHHe h b pesyjibTaxe H 3 MeHHTca 
$opMa HApa. Tan KaK hapo Majio ycTOHHHBO, to H3MeHeHHe $op- 
mbi MowceT 6biTb HacTOJibKO 3HanHTejibHbiM, hto hapo pa 3 Ae- 
jihtcs. (CxoAHoe HBjieHHe npoH30HAeT c sapjmeHHOH Kanjien 
BOAI>I, eCJIH KaKHM-JIH0O CnOCOSoM CHJIbHO H3MeHHTb $opMy ee 
noBepxHocTH). Eojiee BepoaTKbiM HBjiaeTca A ej *eHHe HApa Ha 
HepaBHbie ockojikh, ho bo3mojkho A^^HHe h Ha a b ^ OAHHaKo- 
Bbie aacTH. 

Pa3JieTy o6pa3yiomHxcH ockojikob 6yAeT cnoco6cTBOBaTb 
TO, HTO c yBejiHHeHHeM paccTOHHHa MeHCAy hhmh HAepHbie ch- 
jim npHTHHceHHa SyAyT yMeHbmaTbca 3HanHTejibHo SbicTpee 
OJieKTpOCTaTHHeCKHX CHJI OTTaJIKHBaHHH (HH5KHHH JieBblH pH- 
cyHOK njraKaTa; Ha Hen «AGPHbie chjibi noKa3aHbi ycjioBHO b 
BHA e rojiySoH npyacHHbi, a ajieKTpocTaTHnecKHe chjibi — 6e- 
jioh npyacHHbi)* 
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Tax KaK Hflpa THaceawx aaeMeHTOB Majio ycroftwHBW, to 

MOXCHO OHCHflaTb, HTO, XOTH H C He6ojIbIUOS BepOHTHOCTblO, OHH 

CyflyT ffleJXHTbca iioa bahhhhgm tojibko BHyTpeHHHX npHHHH, 6e3 
B03fleiicTBHa HeiiTpOHOB. ffeiicTBHTejibHO, onMTM K. IleTpacaxa 
h T. ft>JiepoBa c ypaHOM noflTBepflHjra sto. B oahom rpaMMe npn- 
poflHoro ypaHa npoHexoflHT npH 6 jiH 3 HTejii>HO 20 fleaeHHfi b 
vac. TaKHM o6pa30M, b xycxe ypaHa Bcerfla HMeeTca HeicoTopoe 
KOJIHHeCTBO HeiiTpOHOB, o 6 pa 30 BaBIHHXCa npH CaMOnpOH 3 BOJIb- 

hom Aejiemm a«ep ypaHa. 

fljia onpefleJieHHa xoaHHecTBa SHeprHH, BWAeaaiomeftcH 
npH pa3JiHMHbix aflepHtix npeBpameHHHx, Haflo BOcnojn>30BaTb- 
ca 3aKOHOM B3aHMOCBa3H Maccbl H aHeprHH, KOTOpwft $opMy- 
anpyeTca Tax: 

3HeprHa = MaccaXcKopocTb cBeTa b KBaflpaTe. 

O jacHo aTOMy 3axoHy, H3MeHeHHe Maccw conpoBoacAaeT- 
c a Olr^flejieHHblM H3MGH6HH6M BHeprHH H Hao6opOT. 

fljia noflcneTa KOJinnecTBa aneprHH, Bbiffejiaiomeftca, Hanpn- 
Mep, npn fleaeHHH aApa ypaHa, Haflo H3 Maccw HAP& ypaHa bw- 
necTb cyMMy Macc o6pa30BaBUiHxca hobwx HAep h noAyneHHyio 
pa3HOCTb yMHOWHTb ABaacAW Ha cxopocTb CBeTa. 

3aKOH B 3 aHMOCBH 3 H MaCCU H 3HeprHH HMeeT MeCTO He TOJIb- 
ko npH HAepHwx peaxijHHX. Tax, npn HarpeBaHHH boaw 6yAeT 
yBeaHHHBaTbca He Tojibxo 3anac SHeprHH (Tenaa) b Heft, ho h 
ee Macca. OAnaxo b 3 tom caynae H3MeHeHHe 3HeprHH 6yAeT 
xpaftHe MaawM h cToab ace MaawM 6yAeT H3MeneHHe Maccw: 
npH HarpeBaHHH 1. t boaw ao 100° Macca ee yBeaHHHTca npn- 
6aH3HTeabHO anmb Ha MHaaHOHHyio Aoax) rpaMMa. IIoaTOMy 
Aah noAoSHbix HBJieHHft, b oTJiHHHe ot HflepHwx peaxunft, 3a- 
XOH B3aHMOCBfl3H MaCCW H 3 HeprHH MOHCHO He ItpHHHMaTb BO 
BHHMBHHe. 


IIJIAKAT 5. H,enHaa peaxmui 

06pa3OBaHne cbo6oahwx HeiiTpOHOB npn AeaeHHH HAep — 
$axT Hpe3BWHaftHoft BaatHOCTH. IlycTb b xycox ypaHa nonaAa- 
eT oahh HeftTpoH (pncyHox Ha naaxaTe). CTaaxHBaacb c oa- 
hhm H3 HAep, oh pa3AenHT ero (npHMeM noxa ycaoBHO, hto 
H eftTpoH, cTaaxHBaHCb c hapom, o6a3aTeabHO AeaHT ero) 1 . IIpH 
3TOM BWAeaHTCH 3HeprHH H nOHBHTCH, HanpHMep, ABa HeftTpO- 
Ha. 9 th HeftTpoHw nepBoro noxoaeHHH b cboio onepeAt pa3Ae- 
aht ABa ha pa. BwAeaHTCH yABoeHHoe xoaHHecTBO SHeprHH h 
neTbipe HeiiTpoHa BTOporo noKOJieHHH, KOTopue b cboio o^epe^b 
pa3AejiHT neTbipe HApa h t. a- IfraK, oahh HeiiTpOH iiphboaht k 


1 Kan 6yA©T bkaho H 3 AajibHeiiniero, cjiynaii, 6 jih 3 Khh k aTOMy, mo- 
meT npoH30 HTH b SoAbiiioM KycKe HHCToro ypaHa 235. 
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B03HHKH0BeHHK) IjejIoS JiaBHHM HeilTpOHOB, KOTOphie pa3fleJIBT 
o^eHB Sojibinoe KOjnraecTBo Hflep. 3 to npHBefleT k ocBo6oacfle- 
hhio orpoMHoro KojiH^ecTBa 3HeprHH. TaKOfi caMono^epjKH- 
Baioiu;HHc a npoijecc nojiymui Ha3BaHne ijenHOH H^epHOH peaK- 
u;hh. AHaaorHHHoe aBjiemie nponcxoAHT b ropax, Kor^a na^a- 
romHH KaMeHt yBaeicaeT 3a co6oh Bee HOBbie k<imhh, o6pa3ya 
B KOHIje KOHUjOB JiaBHHy. 

H^epHaa ijenHaa peaKijHa noAAep^CHBaeT caMa ce6a h co- 
npoBoac^aeTc a o6pa30BaHneM KoaoccajibHoro KOjmnecTBa 3Hep- 
thh. B 3tom 3aKjiio^aeTca ee Sojibmaa npaKTHnecKaa ijeHHOCTb. 

^Cae^yeT noAnepicHyTb, hto pa3o6paHHaa Bbirne cxeMa ijen- 
hoh a^epHOH peaicijHH chjibho HAeaaH3HpoBaHa, TaK Kan ycjiOB- 
HO npHHHTO, HTO KajK^LIH 06pa30BaBIHHHCH npH ^eJieHHH HeS- 
TpoH b AajiBHeiimeM o6a3aTejibHo abjiht a^po. Ha caMOM %ejie 
nacTb o6pa30BaBiiiHxca HeiiTpoHOB TepaeTca 6ecnojie3Ho ^jia 
uenHoro npoijecea. 

Kan ace b 3tom caynae 6y^eT pa3BHBaTbca ijenHOH npon;ecc? 

B OTjiHHHe ot pa3o6paHHoro Bbime npHMepa Tenepb Hen- 
Tpoiibi nepBoro noicojieHHa MoryT 6ecnojie3Ho TepaTbca. Ecjih, 
HanpHMep, H3 AByx HeHTpOHOB nepBoro noKOJieHHa 6ecnojie3HO 
6y^eT yTepaH oahh, to bo btopom noKOjieHHH noaBHTca ABa hgm- 
TpoHa AeaeHHa (BMecTo npeacHHx neTbipex); ecjin bo btopom 
noKoaeHHH Taicace TepaeTca 6ecnojie3Ho oahh HeiiTpoH, to b 
T peTbeM noKOJieHHii cHosa o6pa3yioTca A B a HeiiTpoHa (BMecTo 
npeacHHx bocbmh) h t. a. Kax bhaho, b 3tom cjiynae b icaacAOM 
noKOjieHHH Ha AeaeHHe a^ep yxo^HT oahh HefiTpoH h rniTeH- 
CHBHocTb u;enHoro npoijecca Bee BpeMa AepacHTca Ha oahom h 
tom ace iioctohhhom ypoBHe. 

Ho ctoht b KaKOM-HnSyAb noKOjieHHH noTepaTbca 6ecno- 
Jie3H0 AByM HeiiTpoHaM, KaK ijenHaa peaKijHH npeicpaTHTca, 3a- 
TyxHeT. HaoSopoT, ecjiH b HeKOTopbix noKOJieHHax He 6yAeT 
6ecnojie3Hofi noTepn HeHTpOHOB, to ijenHOH npoijecc Ha^meT 
HapacTaTb JiaBHHOo6pa3Ho (oAHano MeAJieHHee, neM npn noji- 
hom OTcyTCTBHH noTepb). 

HTaK, htoSbi menHaa peaicijHa pa3BHBajiacb, HaAO co3AaTb 
TaKHe ycjiOBHa, npn KOTopbix b KaacAOM nocjieAyiomeM noKO- 
JieHHH HeHTpOHOB Ha A^JiBHHe aAep yxoAHJio 6bi ctojibko ace 
hjih 6ojibme, neM b npeAbiAymeM noKOjieHHH. 

Hncjia HeHTpOHOB AByx noicojieHHH, ynacTByioiniHx b ABJie- 
hhh HAep, CBa3aHbi MeacAy co6oh npocTbiM cooTHomeHKeM : 

/mhcjio HefiipoHOB nocJie^yiOLuero \ \c \/ f qHCJI ° HeHTpOHOB npe^bi- \ 

\ noKOjieHHH / ^ V Ayiaero noKOjieHHH / 

nocTOHHHaa BejiHHHHa K Ha3biBaeTca K03(J)$HijiHeHTOM pa3- 
MHoaceHHa HeiiTpoHOB. Ohgbhaho, hto a* 71 ^ ocyinjecTBaeHna 
i^enHoro npoitecca K ao^hkho 6biTb paBHbiM nan 6oabmHM 
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•flHHHUM. npH K, SojiBiiieM ©^HHHUbi, ijenHoii npoijecc 6yA«T 
HapacTaTB jiaBHHoo6pa3HO. IIpH K, paBHOM eAHHHije, HHTen- 
chbhoctb uenHoro npoijecca 6yne? ^epMcaTbca Bee BpeMH Ha 
nocTOHHHOM ypoBHe* IIpH K, MeHbineM e^HHHUbi, uenHOfi npo- 
ijecc pa3BHBaTbca He 6yfleT. 

IIJIAKATH 6 h 7. Kphthhcckhh oC^om. 

3aMeAJieHHe hchtpohob 1 . 

U^enHaa peaKijHH Sy^eT hath b tom cjiynae, ecjiH Koa<J>- 
<J)HI^HeHT pa 3 MH 05 KeHHa HefiTpoHOB OKaHCeTCH paBHbIM HJIH 
60 JIBIHHM eflHHHIJbl. HtO 6u BBIHCHHTb, KOr^a 3TO yCJIOBHe 
6 yAeT BbinojiHeHo a^h ypaHa, Ha^o paccMOTpeTB iiphhhhbi 
6 ecnojie 3 Hbix noTepb HeiiTpoHOB %ejieimsi. TaKHX npuHHH A^e: 

1) nacTb HeHTpoHOB MonceT norjiOTHTbca aApaMH ypaHa, He 
Bbi3biBaa hx A ejieHHa > 2) nacTb HefiTpoHOB MoaceT yfiTH H3 
KycKa 2 . 

PaccMOTpHM noTepio HeiiTpoHOB, o6ycjioBJieHHyio norno- 
meHHeM hx HApaMH ypaHa. IIpnpoAHbiH ypaH hbjihctch CMecbio 
AByx ochobhbix h 30 toiiob — ypaHa 238 H ypaHa 235 (hhechhh 
npaBbm pncyHOK miaKaxa 7). Kan B 3 aHMOA 6 HCTByioT HeiiTpOHBi 
AeJieHHH c HApaMH 3 thx H30TonoB? 

CHanaJia paccMOTpHM B 3 aHMOAeiicTBHe HefiTpoHOB Ae^HHa 
c HApaMH ypaHa 238. IIpH AeJieHHH HAep ypaHa o6pa3yioTCH 
HeiiTpOHbi c pa 3 JiHHHoii DHepraefi. HacTB hchtpohob AejieHHH 
o 6 jiaAaeT sHepraeii, AOCTaTOHHOH rjir Toro, hto 6 bi pa 3 Ae:iHTb 
HOBbie HApa ypaHa 238 (HeftTpOHbi c TaKHMH aHeprHHMH Ha3Bi- 
BaiOT 6 bICTpbIMH). OAHaKO 6 bICTpbie HeHTpOHbl CO 3HaHHTeJIBH0 
Cojibinen BepoHTHOCTbio 6 yAyT CTajiKHBaTbCH c HApaMH ypa- 
Ha 238, OTAaBaH npH otom hm nacTB CBoefi 3 HeprnH h He BBI3BI- 
B an AeJieHHH. flpyraa, Sojiee 3 HaHHTeJiBHan nacTB HeiiTpoHOB Ae- 
jieHHH, oSjiaAaioiAHX MeHbmeft aHeprneii, GyAeT npeTepneBaTb 
JIHUIb CTOJIKHOBeHHH. TaK KaK CTOJIKHOBeHHH H TeX H APY™X 
HeHTpoHOB 6 yAyT ROBOJIbHO HaCTBIMH, TO BCKOpe HX 3HeprHH 
3 HaHHTeJIbHO yMeHbHIHTCH, TO eCTb HeHTpOHBI 3aMeAJIHTCH. 
3aMeAJieHHbie ace HeHTpoHbi 6 yAyT oneHB xoponio norjiomaTBCH 
HApaMH ypaHa 238 6 e 3 nocjieAyiomero AejieHHH. IIpH otom 
oco 6 eHHO oxotho HApa ypaHa 238 6 yAyT norjiomaTB HeiiTpOHbi 
onpeAejieHHbix (Tan Ha3BiBaeMBix pe 30 HaHCHBix) BHepraii. 
flApa ypaHa 238 HMeiOT HecKOJiBKo pe30HaHCHBix^ oHepraS. 

BejiHHHHa HaHMeHBiiieH H3 hhx (HanSojiee «onacHoii») aobojib- 
ho Majia. CjieAOBaTejiBHO, ecjiH B3htb KycoK ypaHa 238, to b 
HeM ijenHan peaKUHH pa3BHBaTBCH He 6yAeT, Tan nan 6BicTpBie 

1 TaK KaK miaKaTu 6 9 7 TecHO CBH3aHti Meacay co6oii, to noHCHenna 
K HUM oS'BeflHHeHM. 

2 CymecTByeT h TpeTta npHHHHa — norjiomaHHa HeiiTpoHOB iiocto- 
poHHHMH npHMGCHMH b ypaHe; ajih Toro hto6m CBecTH k MHHHMyMy 3 th no- 
TepH, Heo6xo«HMO TmaTeJiBHo oHHmaTb ypaH ot npHMeceft. 
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HeftxpoHH paspeaaT npaxTHvecxn HHHToacHoe HHcao ape p, a 
b npopecce 3aMepaeHHa BHeprna HeiiTpoHOB HeH36eacHo cTaHeT 
paBHa pe30HaHCHofi h noxoMy nopaBaaioipee xoanpecTBo hx 
noraoTHTca appaMH ypaHa 238. 

^flpo ypaHa 238 nocae noraomeHHa HeftTpoHa npeBpa- 
ipaeTca b appo ypaHa 239 (Bepxmdi pncyHox naaxaTa 7). 3to 
a«po HeycTOHHHBo; HcnycKaa saexTpoH, oho npeBpaipaeTca b 
aflpo HOBoro 3ae M eH T a — HenryHHa, xoropoe b cbok> oaepepb 
nocae HcnycKaHHa saexTpoHa npeBpaipaeTca b appo ppyroro 
3JieMeHTa — iuiyTOHHH. 

CoBceM no-HHOMy o6ctoht peao c appaMH ypaHa 235. 3th 
flflpa peaaTca h 6hctpmmh h oco6eHHo xopomo MepaeHHMMH 
HeHTpoHaMH (BepxHHii pHcyHOK naaxaTa 7). TaKHM ace cboh- 
ctbom B OTHomeHHH peaerora o6aapaeT nayTOHHH. HecMOT- 
pa na to, hto appa ypana 235 xopomo peaarca HenTponaMH 
Bcex 3HeprHH, ocypjecTBHTb penHyio peaxpnio b Kycxe npnpop- 
Horo ypaHa aio6oro o6be M a Heab3a: b HeM copepacHTca canm- 
kom Maao ypaHa 235 h cjihuikom mhoto ypaHa 238 (hhjkhhh 
npaBMH pncyHOK naaKaTa 7). IIoaTOMy H aH6oaee npaMbiM 
nyxeM ocyipecTBaemia pennon peaxpnH h noayneHHa aTOMHOH 
aneprHH cayacHT Hcnoab30BaHHe hhctoto ypaHa 235, OTpeaeH- 
Horo ot ypaHa 238 (nan npaMeHenne nayTOHHa). 

Ho paace b K ycKe hhctoto ypaHa 235 (ejih nayTOHHa) pen- 
Haa peaxpna oypeT pa3BHBaTbca He Bcerpa. PaccMOTpHM pBa xy- 
cxa ypaHa 235 (pan nayTOHHa) pasaHHHbix oSbeMOB — 6oab- 
moro h Maaoro (pHcyHXH Ha naaxaTe 6). nycTb cnaaaaa Heit- 
TpoH BxoflHT b MaaeHbXHH xycox. IIonaB b appo ypaHa (bhvtph 
Kycxa), HeHTpoH Bbi30BeT ero peaeHHe, a noaBHBPiHeca npp 
3TOM HOBbie HepTpoHbi pa3peaaT cocepHHe ap pa h t. p. Ecjih 
oo'beM xycxa ypaHa HeBeanx, to o6pa3yioipHeca npn peaeHHH 
HeHTpoHbi cxopo poftpyT po noBepxHocTH xycxa h BbiaeTaT H3 
Hero. Ecan xycox ypaHa oaeHb Maa, to nncao 6ecnoae3Ho 
yrpaaeHHbix hchtpohob peaeHHa 6ypeT Tax Beanxo, hto Koach- 
(JJHpHeHT pa3MH0JKeHHH HeiiTpoHOB CTaHeT MeHbme epHHHpbl H 
penHaa peaxpna 3aTyxHeT. B caynae oaenb Soabinoro xycxa 
aacTb HeHTpoHOB peaeHHa Taxace yiipeT H3 Hero, ho npn 3tom 
ymepmHx hchtpohob 6ypeT 3HanHTeabHo MeHbme, neM ncnoab- 
30BaHHbix paa peaeHHH. B TaxoM xycxe xoa^xpnpHeHT pa3MHO- 
aceHHa HeiiTpoHOB oxaaceTca 6oabme epHHHpbl h penHaa peax- 
pna oypeT pa3BHBaTbca. MnHHMaabHbiH oSbeM ypaHa 235 (nan 
nayTOHHa), b xotopom 6ypeT paaBHsaTbca He3aTyxaioipaa pen- 
Haa peaxppa, Ha3biBaioT xphthhccxhm oSbeMOM, a cooTBeT- 
CTByioipyio 3TOMy oobeiviy Maccy — xpHTHHecxoH Maccofl. 

BeaHHHHa xpHTHHecxoro oSbeMa 3apncHT ot (popMbi xycxa 
ypaHa 235. B caMOM peae, hto6m HeHTpoH ymea H3 paHHoro 
oo'teMa ypaHa, oh flojinceH npoifcru nepe3 ero noBepxHocTB, 
noaTOMy ^ieM 6ojibuie noBepxHocTB Kycica, TeM 6ojiee BepoaTeH 

U 


Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 



Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 


bbixoa HeiiTpoHa. C ffpyroil cTopoHM, BepoaTHOCTb Toro, hto 
H efiTpoH noflejiHT ha po ypaHa, 6yfleT tom 6oabiiie, aeM Combine 
o6beM KycKa. 3HanHT, HanSoaee BuroflHofi 6y^eT Taicaa (J>opMa 
KycKa ypaHa, KOTopaa np» 3aAaHHOM o6 r beMe oSaa^aeT Han- 
MeHbmeii noBepxHocTbio. Jlyauie Bcero aTOMy TpeSoBaHHio 
yAOBjieTBopaeT map. CaeflOBaTeabHO, HaHMeHbmaa KpHTHnec- 
Kaa Macca 6yfleT y KycKa ypaHa c<t>epHaecKoii c|)opMM. 

O bo3mohchocth yMeHbmeHHa KpHTHHecKoro o6i>eMa npH 
noMomH oTpaacaxea a mm cnaaceM no3ace (naaicaT 9). 

ITjiyTOHHH h ypaH ctoht Ha pa3HMx MecTax b Ta6jnme 
MeHAeaeeBa h HecKOJibKO OTJiHnaiQTCH XHMHHecKHMH cBoilcTBa- 
mh. 3to o6aernaeT 3aaa^y OTfleaeHHa nayTOHHH ot ypaHa 238 1 . 

OTaeaeHHe ace ypaHa 235 ot ypaHa 238 aBaaeTca TpyAHOH 
3aflaHeii, Tan nan ohh o6naAaK>T OAHHaKOBbiMH xHMHaecKHMH 
CBoficTBaMH h, KpoMe Toro, b npnpoAHOM ypaHe coflepacHTca 
Bcero 0,7% ypaHa 235 (npaBMii hhhchhh pncyHOK naaicaTa 7). 

fljia pa3AeaeHHa H30TonoB ypaHa Hcnoab3yioT He3HaHHTeab- 
nyio pa3HHii;y b Bece hx aTOMCfB. CymecTByeT HeMaao cnoco6oB 
pa3fleaeHHa H30TonoB ypaHa; paccMOTpHM ABa H3 hhx. 

9aeKTpoMarHHTHoe pa3ffeaeHHe. Ecjih noMecTHTb aTOMM 
ypaHa b pa3paa Ay™, to BcaeACTBHe BbicoKoft TeMnepaTypM 
ohh noTepHiOT nacTb cbohx aaeKTpoHOB : HeiiTpajibHbie aTOMM 
npeBpaTHTca b 3 apaaceHHMe (hx Ha3biBaioT hohbmh). Ecjih 
HOH bl yCKOpHTb H 3aTeM BnyCTHTb B nOCTOaHHOe OAHOpO^HOe 
MarHHTHoe noae, HanpaBaeHHoe nepneHAHKyjiapHO k nynicy, 
to ohh 6yAyT ABHraTbca no oicpyacHocTHM. Ilpn 3 tom ae m 
M eHbme Macca HOHa AaHHOH aHeprHH, TeM cnjibHee hckphbhtch 
ero nyTb. Pa3jiHHHaa cTeneHb HCKpHBaeHHa nyra jierecHx h 
T aaceabix hohob no3BoaaeT pa3AeJiHTb H30T0nM. BoatiiiHM npe- 
HMymecTBOM aaeKTpoMarHHTHoro MeTOAa aBaaeTca to, hto oh 
no3BoaaeT cpa3y otagjihtb H30TonM APyr ot Apyra. HeAOCTaTOK 
ace ero 3aKaioaaeTca b tom, hto npn noMomH oahoh jihhib 
tbkoh ycTaHOBKH mohcho pa3AeaHTb KpaiiHe Maaoe KoanaecTBO 
ypaHa. IIoaTOMy npn Hcnoab30BaHHH aneKTpOMarHHTHoro Me- 
TOAa b 3aBOACKHX ycaoBHax 6bia npHMeHeH SojibinoH MarHHT, 
b noae KOToporo noMemajracb ijejiMe «6aTapeH» hctohhhkob h 
yaaBaHBaTeaen. 

Paspeaeni/ie mctoaom ra30BOH pv. d)d)V3HH. CHaaaaa MeTan- 
aHnecKHH ypaH npespamaeTca b ra3oo6pa3Hoe coeAHHeHne — 
mecTH^TopHCTMH ypaH. Ta3 noAaeTca noa AaBaeHHeM b 6ax, 
OTAeaeHHMH ot APyroro 6aKa nopHCToii neperopoAKoft. Tan k&k 
AaBaeHHe bo btopom 6ane HHace, ne m b nepsoM, to mecTH(J)TO- 
Phctmh ypaH 6 ypeT npoHHKaTb aepe3 nopncTyio neperopoAKy H3 


l Bojiee noApo6Ho o nojiyneHHH miyTOHHfl cm. ruiaicaT 13. 
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nepBoro 6 aica bo btopoh. IIIecTH^TopHCTBiH ypaH 235 npoca- 
HHBaeTca HecKOJibKO 6 bicTpee, neu mecTPi^TopHCTtm ypaH 238. 
IT03T0My BO BTOpOM 6 aKG OKaJKGTCH HeSoJIBIHOH H 36 bITOK 

mecTH(J)TopHCToro ypaHa 235. Hto 6 bi ao 6 htbch nojiHoro pas- 
AOJieHHa, Tanyio npoijeAypy HaAO noBTopHTb SojiBHioe kojxh- 
necTBo pas. Pa 3 ,a;ejieHHe mctoaom ra 30 B 0 H AHC^ysHH 3 HanH- 
TejibHo oSjiernaeTca TeM, hto y <J)Topa HMeeTCH jihuib o^hh 
yCTOHHHBblii H30T0II. 

nojiyneHne AOCTaTOHHoro KOJinnecTBa ypaHa 235 h njiyTo- 
hhh no3BOJinjio cosastb aTOMHyio 6 oM 6 y. IIpHHijHn aohctbhb 
ee HecjioHceH. 

Ecjih flBa KycKa ypaHa 235 hjih njiyTOHHa oS'beMOM MeHB- 
me KpiiTHHecKoro npn noMon^H cneijHajibHoro ycTponcTBa 
GbiCTpo cSjihshtb Tan, hto 6 bi o6pa30Bajiea KycoK ypaHa 06 ^ 0 - 
MOM HeCKOJIBKO 60 JIBUie KpHTHHeCKOFO, TO ftOCTaTOHHO neSojiB- 
Hioro HHCJia HGHTP0H03 (iianpHMep, HeHTpOHOB, 06 pa 30 BaB- 
HiHXCH npn oaMonpoH3BOjiBHOM ^ejieHHH a,a;ep ypana), hto6bi 
Hanajia pa3BH B aTBca uemiaa peaKijHH. ^jih GbicTporo coeAH- 
HeHHH KyCKOB ypaHa M 02 KH 0 HCnOJIB30BaTB, HanpHMep, TpOTHJI, 
BspbisaeMbiH b HyacHbift momoht npn noivromH cneiinajibHoro 
BspbiBaTeaa. B TeacHHe hhhtojkhbix AOJieii cenyHAbi 6 yAeT 
pa3Aejieno 3HaHHTejibHoe hhcjio HAep ypana 235 (hjih njiyTO- 
hhh); npn otom ocbo 6 oahtch KOJioccajiBHoe KOJinnecTBo 3 Hep- 
THH B BHAe MOIAHOrO B3pbIBa. 

Bspbis aTOMHOn 6 om 6 bi conpoBOHCAaeTca HpesBbniamio bbi- 
cokoh TGMnepaTypoH (mhjuihohbi rpaAycoB), ocjienHTejibHon 
BCITBIIUKOH H noaBJIGHHeiH OrpOMHOFO KOJIHHeCTBa paAHOaKTHB- 
hbix aAep-ocKojiKOB. 05pa3yeTCH TaK>Ke MoiAHaa yAapHan 
Bojma. 

H r raK, b KycKe npHpoAHoro ypaHa JiioSoro oS^eMa ujenHan 
peaKii,HH pa3BHBaTBca He 6 yAOT. 

OeHOBHOH nOMeXOH RJIH. pa3BHTHH I^enHOH peaKIJHH b npn- 
POahoh cMecH H30TonoB ypaHa HBjiaeTcsi HHTeHCHBiioe norjio- 
HjeHHe ypanoM 238 hghtpohob pe30HaHCHbix sneprHH. Oahsko 
npH HeKOTOpBIX yCJIOBHHX MOJKHO OCyiljeCTBHTb H,enHOH npOAeCC 
h b HepasAejieHHOM ypaHe. ^onycTHM, hto ao Toro, KaK neHTpo- 
hbi CTOJiKHyTCH c HApaMH ypaHa 238, mbi kskhm-jihGo nyTeM 
3aivieAJiHM hx ao sneprHH MeHbinefl, neivr MHHHMajiBHaa pe30- 
HaHCHaa DHep rna. Tanne HeHTpoHbi 6 yAyT oneHb cjia 6 o norjio- 
maTbca: HApaMH ypaHa 238 h oneHB xopomo A ejIMT i> #Apa 
ypaHa 235. 3to h no3BOJiHT ocymecTBHTB ijenKyio peaKUjHio b 
Hepa3AejieHHOM ypaHe. 

3aMeAJieHKe HenTpoHOB npouje Bcero ocymecTBHTB cJieAyio- 
h:;hm o 5pa30M. BosbMeM HecKOJibKO KycKOB ypaHa h npojiomHM 
Me>KAy hhmh cjioh BeiijecTBa, Koxopoe njioxo norjiomaeT Heii- 
TpoiiBi, ho xopomo saMeAJifleT hx (3aMeAJiHTejib). Ha njiaicaTe 7 
(BepxHHM pucyHOK) H3o6pa«ceHbi a b & Hyena ypana, pa3Ae- 
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tienHhie 3aMefljn*TejieM. 06pa3o&aBiiiHecat, HartpHMep, b aesoM 
Kycne ypaHa ObiCTpbie HeHTpoHw AeaeHHa nona^yT b coceAHHii 
KycoK ypaHa He cpa3y, a jihihb nocjie Toro Kan npoiiAyT cjioii 
3aMe/i;jiHTejxH. IIpH 3tom mohcho cAeaaTB TaK, hto 6ojiBinaa 
HaCTB HeHTpOHOB, npHXOflHIIUHX B npaBBIH KyCOK, 3aMeffJIHTCH 
AO 9HeprHH, MeHBUieil MHHHMaabHOH pe30HaHCH0H (to HCe 
6yAeT HMeTB MecTO ajih HeHTpoHOB, nonaAaiomHX n3 npaBoro 
Hyena b jieBBifi). Tor^a 6ecnoae3Haa noTepa HeiiTpoHOB 3HanH- 
TejiBHo yMeHBiHHTca h cTaHeT bo3mo5khbim ocyujecTBaeHHe He- 
3aTyxaioii];eii u;enHOH peami,™ b npnpoAHOM ypaHe. B 3tom 
cjiynae, Kan h b aTOMHofi; 6oM6e, ijenHaa peanijHa HaHHeTca 
jihihb npn Haan'iHH onpeAeaeHHoii (KpHTHnecKoii) Maccw Hepa3- 
AejieHHoro ypaHa. 

Kanoe semecTBO BbifipaTb b KanecTBe 3aMeAaHTeaa? 
IIpeACTaBHM ce6e HeiiTpoH b BH^e rnapHKa. Ecan Tanon 
tuapHK cToaKHeTca c a^poM oneHB Taaceaoro aaeMeHTa, to 
CKO pOCTb HiapHKa H3MeHHTCa Maao (cpeAHHH HHJKHHH pHCyHOK 
njianaTa 7). IIpH CToaKHOBeHHH c hapom aencoro aaeMeHTa 
CKOpOCTb HeHTpOHa yMeHBIHHTCa 3Ha^IHTeabHO (aeBBlii HH5KHH# 
pHcyHOK naanaTa 7). CaeAOBaTeabHO, b Ka^tecTBe 3aMeAaHTeaa 
HeHTpoHOB Haao HcnoaB30BaTb BemecTBO c aerKHMH aapaMH, 
naoxo noraonjaiomee HeHTpoHBi. 

06bi^ho b Ka^iecTBe 3aMeAaHTeaen Hcnoab3yioT yraepoa 
(b BHAe rpa(J)HTa), Taaceayio Han oSbiHHyio BOAy. 

XoponiHM 3aMeAaHTeaeM aBaaeTca Taaceaaa BOAa: OHa co- 
AepacHT aerKHe aApa A^HTepna h oneHb caa6o noraoujaeT Heft- 

TpOHbl. 

Taaceaaa BOAa coAepacHTca b BecbMa He6oabuiHX KoaHHe- 
CTBax b npHpoAHOH BOAe. B 10 000 Kr npnpoAHOH boabi coAep- 
acHTca Bcero oKoao 2 Kr Taaceaoft boabi. Oahh h3 otocoSob no- 
ayneHHa Taaceaoft boabi 3aKap^iaeTca b caeAyioiijeM. rtpn npo- 
nycKaHHH aaeKTpH^ecKoro TOKa nepe3 npHpoAHyio BOAy (cMecb 
aerKOH h Taaceaoft boabi), b KOTopyio AoSasaeHO He6oabiuoe 
KoaH^iecTBO KHcaoTbi, Moaenyabi boabi SyayT pa3aaraTbca Ha 
boaopoa h KHcaopoA- npn stom aernaa BOAa 6yA©T pa3aaraTbca 
aaeKTpH^ecKHM tokom HecnoabKo ObicTpee, HeM Taaceaaa. 
IIoaTOMy HeM Soabine BpeMeHH seaeTca 3aeKTpoaH3, TeM 6oab- 
me ocTaTOK 6yAeT o6oram;aTbca Taaceaoft boaoh. B KOHije koh- 
u;ob ocTaneTc a no^TH HHCTaa Taaceaaa BOAa. TaKOft npoijecc hb- 
aaeTca oneHb tpomo3akhm, AoporocToamHM h Tpe6yeT 3aTpaTbi 
6oabinoro Koan^iecTBa oaeKTpHnecKoft 3HeprHH. 

B cBa3H c 3thm 6bia HaftAeH paA APyrnx 3aMeAaHTeaeft, 
noayneHHe KOTopbix npoiije* 

Handoaee pacnpocTpaHeHHHMH H3 hhx hbahiotch rpa$HT h 
o6biHHaa BOAa. 

rpacjjHT, nan h Taaceaaa BOAa, caa6o noraomaeT HeftTpoHbi, 
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ho 3aMe,o;jffleT hx HecxojiBXo xy^xe, Tax xax oh HMoeT 6ojiee 
THHcejibie aApa. 

IIpK noMom;H oSbuihoh boabi 3aMe^jiHTb HeHTpoHbi mohcho 
6 bijio 6bi jiynrne Bcero, Tax xax b ee cocTaB bxoaht caMbie jier- 
xne tfflpa npOTOHbi (aApa aTOMOB BOAopo^a) ; ho npoTOHbi ao- 
bojibho chjibho norjiomaioT HeHTpoHbi, o6pa3ya aApa Taacejio- 
ro BOAopofla. Bcjie^cTBHe 9Toro npH HcnoJiB30BaHHH 06 BIHHOH 
boabx b xanecTBe 3aMeAJiHTejia iiphxoahtch 6paTB oSorameH- 
hbih ypaH. IIocjieflHHH oTjiHnaeTCH ot npHpoflHoro ypaHa TeM, 
HTO coAep^CHT HeMHoro SojiBiue ypaHa 235 (Hecxojibxo npoijeH- 
TOB BMecTo 0,7%). ,H|onojiHHTejiBHoe xojiH^iecTBo ypaHa 235 b 
^HflepHOM ropioMeM» rro3BOJiaeT bochojihhtb noTepH HexTpo- 
hob, saxBa^eHHBix HflpaMH BOAopo^a, BXOAHmero b cocTaB bo- 
Am, h oSecneHHTB pa3BHTne ijenHOH peaxijHii. OSorameHHBiii 
ypaH nojiynaeTCH H3 npapoAHoro nyTeM ^acTHHHoro pa3Aejie- 
HHH H30T0II0B. 



Phc. 1. Cxewa roMoreHHoro peaKTopa Ha MeAJieHHbix HeftTponax. 

TaxHM o6pa30M, ijeimyio peaxijHio moecho ocymecTBHTB b 
hhctom ypaHe 235 hjih njiyTOHHH, a Taxace b Hepa 3 Ae , jieHH 0 M 
ypaHe c 3aMeAJiHTejieM. Oft'beM AeJiHmerocH BenjecTBa bo Bcex 
cay^aax AOJiaceH 6bitb 6ojibnie xpHTHnecxoro. 

IUIAKATBI 8 h 9. OcHOBHBie aaeMenTbi HAepHoro peaKTopa 

rtpeABiAymne mraxaTBi AaiOT npeACTaBJieHHe 0 tom, ^to 
Taxoe aTOMHaa (npaBHJiBHee — HAepHaa) 3Hepraa h xax OHa 

18 


Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 



Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 


MoaceT 6brrb nojiynetta b KOJiH^ecTBax, npnroAHbix rjih npaic- 
THHecKoro Hcnojib30BaHH«. OcTaHOBHMCH 6ojiee iioapo6ho Ha 
ycTpoftcTBax, npH noMomH kotopbix 9Ta BHepraa nojiy^aeTCH b 
HacTOHiijee epeMH. Tanne ycTpoftcTBa Ha3UBaioTCH aaepHbiMH 
peaKTopaMH. 

rjiaBHHMH BjieMeHTaMH HflepHoro peaKTopa aBaaioTca aflep- 
Hoe ropionee h saMeAJiHTeab 1 . 

IIpocTpaHCTBo, b kotopom iipohcxoaht AeaeHne aflep h oc- 
Bo 6 oacAeHHe aTOMHoft BHeprHH, Ha 3 biBaioT aKTHBHofi 30HOH 
peaKTopa. 

B 3aBHCHMOCTH ot cnoco6a pa3MemeHHa aflepHoro ropjone- 
ro b 3aMeAJiHTeae peaKTopti AeaaT Ha A®a ochobhbix rana : re- 
TeporeHHbie (flBa jieBBix pncyHKa Ha naanaTe 8) h roMoreHHBie 
(pHC. 1).*B nepBOM HcnoaB3yeTCH a^epHoe ropionee b BH^e CTep- 
acHefi, o6oco6aeHHBix ot 3aMeAJiHTeaa; bo btopom — a^epHoe 
ropio^ee npHMeHaeTca b BH^e oneHB Meanoro noponiKa, paBHo- 
MepHo pacnpeaeaeHHoro b 3aMeAaHTeae, Han b BHfle pacTBopa 

ropionerp b 3aMeAaHTeae. 

HflepHBiH peaKTop floaaceH 6 bitb cHafiaceH Tanace pa^OM 
AonoaHHTeaBHBix ycTpOHCTB. 

PeryanpyiomHe erepacHH. Ohh H3roTOBaaiOTca H3 MaTepna- 
aa, CHabHO noraonjaiomero MeAJieHHBie HeiiTpoHBi, HanpHMep, 
H3 KaflMHa hjih 6opa (npaBBifi pucyHOK naanaTa 8). Ecan Tanne 
CTepaCHH IIOaHOCTBK) OnyCTHTB B aKTHBHyiO 30Hy, to ohh no- 
raoTaT ocHOBHyio ^acTB hohtpohob AeaeHHa h ijenHaa peaKijH a 
hath He 6yAeT. IIpH nocTeneHHOM noAteMe cTepacHeft KoaHne- 
ctbo HeiiTpoHOB, AeanmHx HApa, 6yAeT yBeaHHHBaTBca, h npn 
onpeAeaeHHOM noaoaceHHH cTepacHeii, KorAa K09<|)<|>HiiHeHT pa3- 
MHoaceHHa HeiiTpoHOB cTaHeT paBHBiM eAHHHije, HaraeT pa3BH- 
BaTBca i^enHOH npoijece. Hpn K03<|><|)Hu;HeHTe pa3MHoaceHHa, 
paBHOM eAHHHu;e, nncao aAepHBix AeaeHHH, a caeAOBaTeaBHo, 
h KoannecTBO BBiAeaaiomeHca 3HeprHH, 6yAeT Bee BpeMa no- 
CToaHHBiM. npH AaaBHeftmeM noA'teMe peryanpyiomHx cTep- 
acHefi Bean^HHa K09(|)(|)Hii;HeHTa pa3MHoaceHHa 6yAeT yBeaHHH- 
BaTBca h n;enHOH npoi^cc npno6peTeT 6 bictpo HapacTaK)iu,HH 
*xapaKTep, hto MoaceT npHBecTH k aBapnn (pacnaaBaeHHe peaK- 
Topa, BBiSpoc TenaoHOCHTeaa h t. n.). 

Ectb, OAHaKO, oaho o6cToaTeaBCTBO, KOTopoe 3Ha*iHTeaBH0 
o6aer^aeT ynpasaeHHe peaKTopoM, — oto Haan^ne 3ana3AWBa- 
ioiijhx HeiiTpoHOB (naanaT 4). 

3ana3AMBaioii};He HeihpoHBi cocTaBaaioT OKoao 1% ot Bce- 
ro *mcaa HeiiTpoHOB ^ejiemia h BBiaeTaioT H3 ocxoaKOB c pa3- 
aHHHBIM 3ana3AbIBaHHeM, AOXOAaru;HM AO OAHOH MHHyTBI. 

3ana3AHBaioHj;He HeHTpoHBi cnaBHo 3aMeAaaioT pa3BH- 


1 0 peaKTopax 6e3 3aMeAJiHTeji« 6yAeT paccKa3aHo Aajibiue (miaicaT 13). 
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Tue ijenHoii peaKijnn. B cemom Aeae, riycTb 3HaneHHe ko3$(|)h- 
I^HeHTa pa3MHOHCeHHfl HeHTpOHOB flOBe^eHO flO e^HHHlIibl. B 3TOM 
npuHHMajiH yaacTne KaK MrHOBeHHbie, Tan h 3ana3AbiBaiomHe 
HeHTpoHbi (TOHHee 0,99 Koa<|)(|)Hi];HeHTa pa3MHoaceHHa «o6ecne- 
aHBaeTca» MrHOBeHHbiMH HeHTpOHaMH h 0,01 — 3ana3A*>iBa- 
K>mHMH HeHTpOHaMH). ECJIH npOAOJIHCaTb yBeJIH^HBaTb 3Ha^e- 
HHe K034xJ)Hu;HeHTa pa3MHoaceHHa, HanpHMep, ao 1 , 01 , to nacTb 
ero, ofiycjiOBjieHHaa MrHOBeHHbiMH HeHTpOHaMH (paBHaa b 3tom 
cjiynae 0 , 9999 ), B03pacTeT 6bicTpo, a HacTb K03(J)$HiJiHeHTa 
pa3MHoaceHHa, o6ycjiOBJieHHaa 3ana3AMBaioiii ( HMH HeiiTpoHaMH 
(paBHaa 0 , 0101 ), 6y^eT B03pacTaTb MeAJieHHo (b TeneHHe npu- 

6jIH3HTejIbHO OAHOH MHHyTbl). B IjeJIOM 3Ha^eHHe KOa(|)<|)HU,HeH- 

Ta, paBHoe 1,01, Sy^eT AOcrarayTo He MrHOBeHHo, a jihuib 
cnycTa HeKOTopoe BpeMa. IIpH yMeHbmeHHH KoaitxtnmHeHTa 
pa3MHoaceHHa ao 3HaneHHa, HecnojibKo MCHbinero eAHHHijbi, 
i^enHOH npoijecc HeKOTopoe BpeMa 6yAeT em;e npoAOJiacaTbca, 
Tan Kan ockojikh pa3AeaeHHbix paHee (npn6jiH3HTejibHo 3a mh- 
HyTy ao 3Toro) HAep SyAyT HcnycnaTb 3ana3AbiBaioiy l He Heft- 
TpOHbl. 

BnojiHe noHHTHO, hto ecan yBejiHHHTb Koac|Hj)Hi;HeHT pa3- 
MHoaceHHa ao 3HaneHHft, 6ojibiiiHx 1 , 01 , to ijenHoft npon,ecc 
MoaceT ocyiAecTBaaTbca 3a cneT oahhx MrHOBeHHbix HeftTpoHOB 
h, caeAOBaTejibHo, ynpaBJieHHe hm cTaHeT HeB03MoacHbiM. 

H3MeHaa npH noMom,H peryjrapyiomHX cTepacHeft 3HaneHHa 
K03(|)(J)Hij;HeHTa pa3MHoaceHHa b AonycraMbix npeAeaax (ot 
1 ao 1 , 01 ), mohcho peryanpoBaTb MoniiHocTb peaKTopa. 

U,enHOH npoijecc pa3BHBaeTca oneHb SbicTpo h noaTOMy yn- 
paBaeHHe peaKTopoM aojmkho 6biTb aBTOMaTH3HpoBaHo. C aToft 
ijeabio b peaKTop noMemaioT cneunajibHbie npH6opbi (HOHH3a~ 
utHOHHbie KaMepbi), caeA«ui,He 3a noTOKOM HeftTpoHOB h, caeAO- 
BaTeabHo, 3a moiuhoctbio peaKTopa. KorAa 3Ta Mom;HOCTb ot- 
KaoHaeTca ot 3aAaHHoft, npn6opbi Bbipa6aTbiBaioT cnrHaabi, ko- 
TOpbie npHBOAHT B AOHCTBHe MexaHH3MbI, BABHraiOIHiHe HJIH 
BbiABHraiomHe peryjinpyiomHe cTepacHH. TaKHM nyTeM o6ec- 
ne^HBaeTca cTa6nabHaa paSoTa peaKTopa. 

fljia nycKa peaKTopa hhkbkhx AonoaHHTeJibHbix hcto*ihh- # 
kob HeHTpOHOB He TpeSyeTca ; BnojiHe aoctbtohho HeftTpoHOB, 
o6pa3yioin;Hxca npH caMonpoH3BOJibHOM AeaeHHH ha^P ypaHa 
(cm. noacHeHHa k njianaTy 4). 

AsapHHHbie CTepacHH. IIpH noaBjiemiH HencnpaBHocTeft b 
cHCTeMe ynpaBJieHHH peaKTopoM hjih b aBTOMaTHHecKHx ycT- 
poftcTBax, KOHTpojiHpyiomHX BaacHeftuine y3Jibi, peaKTop HaAO 
HeMeAJieHHO OCTaHOBHTb. fljIH 3TOTO HCnOJIb3yiOTCH aBapHHHbie 
CTepacHH, aHajiorHHHbie peryjrapyiomHM, cAejiaHHbie H3 MaTe- 
pnajia, xopomo noraomaiomero MeA-nemibie HeftTpoHbi (npaBbift 
pHcyHOK njianaTa 8). B cjiynae asapHH ara cTepacHH onycKaioT- 
ca b aKTHBHyio 30Hy peaKTopa h ijermoft npoijecc npeKpam;aeT- 
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? ca. AaapHiiHbie CTepsKHH oCecne'iHBaioT 6e3onacHyio paCoTy 

I peaKTopa. 

! OrpaacaTeab. HacTb HeftTpoHOB flejieHHH yxoAHT H3 axTHB- 

ho# 30HM peaKTopa. HexoTopoe xoaHnecTBO ymeAniHX Heirrpo- 
HOB MOHCHO BepHyTb O0paTHO. fljIH 3T0r0 Ha^O OKpyHCHTb aXTHB- 
Hyio 30Hy oSojiohkoh H3 BemecTBa, naoxo noraomaiomoro, ho 
aKTHBHO OTpancaiomero HeirrpoHU, HanpHMep rpa^HTa, okhch 
6epHJiJiHH (jieBbiH pHcyHOK naaxaTa 9). noAoftA* k o6oaonxe, 
HeiiTpOHbi nacTHHHo npoHflyT nepe3 Hee, a nacTHHHO OTpa3HTca 
oSparao b aKTHBHyio 30 Hy. TaKoe ycTppficTBO Ha 3 UBaeTca ot- 
paacaTeaeM. IIpHMeHeHHe oTpaacaTeaa Be^eT k yMeHbiiieHHio 
j KpHTHHecicoro o6*beMa peaxTopa. 

3am,HTa. IIponieAuiHe nepe3 oTpaacaTeab HefiTpoHu, a Tax- 
nee raMMa-xBaHTbi, o6pa30BaBiHHeca npH flejieHHH ha^P* onac- 
I hu am JiioAfcft* Hto6bi o6ecneHHTb 3amHTy nepcoHaaa, peax- 

| Top oxpyacaioT MaTepnaaaMH, noraomaiomHMH BpeAHue H3ay- 

H6HHA : 6eTOHOM (jieBuii pncyHOK njiaxaTa 9), boaoh, 6eTOHOM 
c npHMecbio HexoToporo xoannecTBa Taaceaux ajieMeHTOB. B pa- 
A® cJiynaeB 3th BemecTBa xoM6HHHpyioT. ToaumHa 3amHTHoro 
caoa onpeAeJiaeTca MomHOCTbio peaxTopa. 

YnpaBJieHHe peaxTopoM o6hhho npoH3BOAHTca Ha paccToa- 
j hhh, npH noMOiim aBTOMaTHaecxHx ycTpoiicTB. 

\ TenjiooTBOA. OrpoMHoe xoannecTBo Tenaa, o6pa3yiomeecx 

1 b peaxTOpe, otboahtch pa3aHHHUMH TeiuiOHOCHTejiHMH (npa- 

! buh pncyHOK njiaxaTa 9). B xanecTBe TenaoHocHTeaen MoryT 

SbiTb Hcnoab 30 BaHU : BOAa (npapoAHaa h xaaceaaa), ra3 (yr- 
‘ jiexHCJiHH ra3, reanii h APyrne), pacmiaBJieHHue MeTaaau hjih 

hx cnaaBU (BHCMyT, cBHHem HaTpHH, cnaaB HaTpna c xaaneM). 
IIpoxoAH nepe3 axTHBHyio 30Hy, 3 th BemecTBa HarpeBaioTC a, a 
3aTeM b cneu.HaabHOM ycTpOHCTBe — TenaooSMeHHHxe — ot- 
AaiOT CBoe Tenao boa© APyroro xoHTypa, npespamaa ee b nap, 
xoTopuii HanpaBJiaeTca b Typ6nHy. 

KaxHe BemecTBa ijeaecoo6pa3HO Hcnoab30BaTb b xanecTBe 
TenaoHOCHTeaa ? H3BecTHO, hto neM Buine TeMnepaTypa h abb- 
/ aeHHe napa, nocTynaiomero b Typ6HHy, CBa3aHHyio c aaexTpo- 

\ reHepaTopoM, TeM Sojibiiiaa aacTb Tenaa MoaceT 6 mtb npeBpa- 

meHa b aaexTpHnecxyio sHepraio. flaa noayaeHHa napa c bbi- 
) coxhmh xapaxTepHcraxaMH TeunepaTypa TenaoHOCHTeaa Aoaac- 

Ha 6 utb bo 3 mohcho 6oaee bucoxoh. 

B xanecTBe TenaoHOCHTeaa mohcho Hcnoab30BaTb acHAKoe 
\ nan ra 30 o 6 pa 3 Hoe BenjecTBo. HsBecTHo, hto acHAxne BemecTBa 

MoacHO HarpeTt npn abhhom A aB aeHHH aHuib ao onpeAeaeHHOH 
J TeMnepaTypu. Tax, TeMnepaTypy boabi npn HopMaabHOM aT- 

i MOC$epHOM flaBJieHHH Hejib3H noflHHTb Bbirne 100°. fljia Toro 

mto6bi HarpeTb BOAy ao 6 oaee bbicoxhx TeMnepaTyp, HaAO noBu- 
cHTb AaBaeHHe. npH AaBaeHHH 100 — 200 aTM bo Ay MoacHo Ha- 
rpeTb ao 300— 450°, CaeAOBaTeabHO, npn HcnoAb30BaHHH b xa- 
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^•CTBe TenjioHOCHTejia boabi, OHa AoaacHa no^asaTBCH b peaKTop 
n °A Cojibhihm ^aBjieHHeM. 3 to cBH3aHo c ycaoHCHemieM kohct- 
pyKu;HH peaKTopa, ho, c APyroft ctopohbi, BO^a HBjiaeTca HaH- 
6ojiee AenieBbiM, AOCTynHBiM h xoporno H3yneHHBiM TemiOHocn- 
TejieM. 

HCiiAKHe (pacnjiaBjieHHbie) MeTajuiBi Kan TenjiOHocHTejm 
o6jiaAaiOT Ten cymecTBeHHBiM npeHMyujecTBOM, hto no3BOJia- 
jot AocrarHyTB TeMnepaTypti, Hanpmviep, 400 — 500° npn 6ojiee 
hh3khx A^BjieHHHx no cpaBHeHHio c boaoh. OAHaKO OKcnjiyaTa- 
u;hh peaKTopa c HCHAKOMeTajiJiHHecKHM oxjiaacAGHHeM aobojib- 
ho cjiojKHa. MeTajui HaAO npeABapHTejiBHo pacnjiaBHTB, o6ec- 
neHHTB ero HiHpKyjiHijHK) no KOHTypy, npeAOTBpaTHTB 3aTBep- 
AGBaHne b nepHOA ocTaHOBKH peaKTopa h t. n. HeKOTopbie Me- 
Ta ™) HanpuMep HaTpHH, nocjie npoxoacAOHHa aKTHBHoii 30- 
hbi peaKTopa npHo6peraioT cnjiBHyio, MeAJieHHO enaAaK)in,yK> 
paAHOaKTHBHOCTB — 3TO yCJI03KHHeT 06cJiy5KHBaHHe KOHTypOB, 
no kotopbim HiHpKyjiHpyioT TaKHe MeTajuiBi. 

Ta3 npn HopMajiBHOM A^BjieHHH mohcho HarpeTB ao jho6oii 
T eMnepaTypBi. IIoaTOMy ncnojtB30BaHHe ra3a b nanecTBe Tenao- 
HocHTejia He csa3aHo c bbicokhmh AaBjieHHHMH. Ho ra 3 o6jia- 
AaeT njioxHMH TenjiooTBOAflnjHMH cBOHCTsaMH. 9 to BeAeT 
k Heo6xoAHMOCTH npoAyBaHHa nepe3 peaKTop 6 ojibihhx o6t>- 
eMOB ra3a h, cjieAOBaTejiBHo, k Sojibhihm 3aTpaTaM 3 HeprHH 
h rpoM03AKOMy ra30BOMy xo3HHCTBy. TenjiooTBOAHin;He cboh- 
CTBa ra3a mojkho yjiyniiiHTB, noBBicHB ero AaBJieHHe, ho sto 
C 03AaeT paA TpyAHOCTen b KOHCTpyHpoBaHHH peaKTopa. 

KaacABiii TenjioHocuTejib oSjiaAaeT onpeAejieHHbiMH aocto- 
HHCTBaMH h HeAOCTaTKaMH, nosTOMy BBiSop TenjiOHocHTejia 3 a- 
bhcht ot KOHKpeTHBix ycjiOBHH pa6oTBi peaKTopa. 

B naTHJieTHen: nporpaivnvie CTpoHTejiBCTBa aTOMHBix ajieKTpo- 
CTaHi^HH b CCCP (1956 — 1960 rr.) npeAycMOTpeHo co3AaHHe 
peaKTopoB, b KOTopBix b KanecTBe TenjiOHocHTejia 6y4yT hc- 
nojiB30BaHbi BOAa (saMeAJiHTejib — rpa$HT), yraeKHCJiBiii ra3 
(3aMeAJiHTejib — Taacejiaa BOAa) h pacnjiaBjienHbiH HaTpHii 
(3aMeAJiHTejib — rpacfmT). 

flo chx nop penb nrjia tojibko o peaKTopax, b kotopbix hc- 
nojib3yioTCH 3aMeAJieHHBie HeHTpoHBi (peaKTopbi Ha MeAJieH- 
hbix HefiTpoHax). Cym.ecTByioT Tanace peaKTopbi Ha 6 bictpbix 
H eHTpoHax, o kotopbix 6yAeT paccKa3aH0 AaaBiiie (njianaT 13). 

HAepHBie peaKTopbi pa3AejiatOTca no paAy npH3HaKOB 1 no 
3HeprHHM HcnojiB3yeMbix HefiTpoHOB (MeAJieHHBie, npoMeacy- 
TOHHbie, SbieTpBie), no cnocoSaM pa3Mem;eHHH HAepHoro ropio- 
nero b 3aMeAJiHTejie (reTeporeHHBie h roMoreHHBie peaKTopbi), 
no TenjioHOCHTejno (BOAa, Taacejiaa BOAa, ra3, pacnjiaBJieHHBin 
MeTajui), no 3aMeAJiHTejiio (BOAa, Taaceaaa BOAa, rpa$HT). 

HecMOTpa Ha Taxoe oGhjihc bo3mo$khbix TunoB peaKTopoB, 
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b HacTOHiyee BpeMH OToSpaHo jiHiiib He6ojn>moe Ko.ravecTBO 
HawCoviee nepcneKTHBHbix KOHCTpyKiinit. 

CxeMbi HeKOTopux H3 3 thx HaH6ojiee nepcneKTHBHbix pe- 
hktopob npHBOflHTca Ha njiaxaTax 10, 12, 13. 

IIJIAKAT 10. Atom Han ajieKTpocraHiiHH AicafleMHH Hayn 

CCCP 1 . Haepitbiii peaKTop (na rpagurroBOM 3aMefljiHTejie) 

Ha njiaxaTe H3o6pa»ceHa ynpomeHHaa cxeMa peaKTopa 
nepBofi b MHpe btomhoh ajieKTpocTanuHH, nocTpoeHHOft b Co- 
BeTCKOM COK)3e. 

AKTHBHaa 30Ha peaKTopa npeflCTaBjiaeT co6oii n,HJiHHflp 
flHaMeTpOM 1,5 M H BbICOTOH 1,7 M, OKpyjKeHHblH rpa<J)HTOBHM 
OTpaacaTejieM. B rkthbhoh 30He pa3Meiu;eHO 128 paSoMHx KaHa- 
jiob. TenjioHocHTejieM HBjiaeTCH HHCTHjiJiHpoBaHHaa BOffa, unp- 
KyjiHpyioinaa nofl flaBjieHHeM b 100 aTM 2 . 



Phc. 2. CxeMaTHMecKHft qepTe* pa6oiero KaHajia h ero KOMMymiKauHH. 


1 B HacTonmee BpeMH etomheh ajieKTpocxaHUHH nepeflaHa b BeaeHHe 
rjiaBHoro ynpaBJieHHH no Hcnojrb30BaHHK> aTOMHoft aHeprHH npw CoBeTe 
Mhhhctpob CCCP. 

2 IIpHMeHeHHe AHcrajumpoBaHHoft boaw HCKJiiOHaeT o6pa30BaHHe Ha- 
khiih Ha cxeHKax TenjioBMAeJiHiomHx BJieMeHTOB h BeAeT k yMeHbineHHio 
paAHoaKTHBHOCTH nepBHHHoro KOHTypa; Tanan boa& coAepacHT MHHHMajiBHoe 
HHCJIO npHMOCeii, KOTOpue CTaHOBHTCH paAHOaKTHBHHMH npH npoxoHCAe- 
HHH Hepe3 aKTHBHyiO 30Hy. 
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PaSonnn KaHaji (pnc. 2 ) npe^cTaBJiaeT coSon ^jihuhlih rpa- 

IJHJIHH^p, HMeiOIIi;HH nflTB npOflOJTbHbIX OTBepCTHH, He- 
pe3 KOTopbie npoxoflOT TOHKocTeHHtie CTajibHbie Tpy6Kn. IIo 
ijeirrpajibHOH TpySne BO#a HanpaBjiaeTca bhh 3, a BBepx B03Bpa- 
maeTca no neTbipeM Tpy6KaM. B HnncHen nacTn Kaacflon H 3 
3thx neTbipex Tpy6oK c BHeuiHen cToponbi pa3Mem;eHO ropio- 
nee — o6oram;eHHbiH ypaH, coAepacamnn 5% H30Tona ypa- 
Ha 235. Bcero b peaKTop 3arpyacaiOT okojio 550 Kr ypaHa. 

Becb rpa$HT HaxoflHTca b cTajibHOM mumH l n;pe, kotopbih 
BM ecTe c HH^KHen n BepxHen njiHTaMH o6pa3yeT repMeTnnecKyio 
oSojionKy, 3anojiHeHHyio HHepTHbiM rasoM (rejineM hjih a3o- 
tom). 3thm npeflOTBpam;aeTca BbiropaHne rpacjarra. 

PeaKTop CHaSjKeH 22 peryjmpyiomHMH CTepacHaMH H 3 Kap- 
6opa. HeTbipe H3 hhx no^epacnBaiOT Mom;HocTb peaKTopa 
Ha TpeSyeMOM ypoBHe c tohhoctbio #0 3 % . OrepacHH noflBemeHbi 
Ha Tpocax h nepeMenijaioTCH npn noMomn 3JieKTponpHBO,zi;a. 
ynpaBJiaioTca ohh aBTOMaTnnecKH. OcTajibHbie 18 cTep^KHen 
KOMneHcupyioT H3JiHineK H^epHoro ropionero b aKTHBHon 30 - 
He. fteJIO B TOM, HTO B peaKTOp aTOMHOH 3JieKTpOCTaHU,HH 3a- 
rpyacaeTca ypaH b KOJiHnecTBe, 3nanHTejibHo npeBbimaiomeM 
KpHTHnecKyio Maecy (KpHTHnecKaa Macca fl.ocTuraeTCH npn 60 
paSonHx KaHaJiax, a b peaKTope hx HMeeTca 128). flejiaeTca sto 
noTOMy, hto b xoflie pa6oTbi peaKTopa B03HHKaioT npHHHHbi, 
npHBO^aiijHe k caMonpoH3BOjibHOMy yMCHbinennio BejiHHHHbi 
K03$$H13iHeHTa pa3MH0JKeHHH HeHTpOHOB. K HIIM OTHOCHTCH : 
BbiropaHne ypaHa b ocHOBHbix pa6onnx Kanajiax, noaBJienne b 
aKTHBHon 30He ockojikob ^ejieHHa, cHJibHo norjionjaioiii;Hx 
HenTpOHbi (oco6eHHo onacen b otom oTHomeHnn KceHOH) h t. n. 
IIosTOMy HeoSxoflHM 3anac ypaHa, rapaHTHpyioiii.HH noa;j;ep- 
acaHne ijenHoro npoijecca b peaKTope b TeneHne ^ocTaTonno 
6ojibinoro npoMeacyTKa BpeMeHn. H3JinnieK HAepHoro ropione- 
ro H8HTpajin3yeTCH KOMneHcupyiomHMH cTepasnaM n. He m oojib- 
me 3anac HAepHoro ropionero b peaKTope, TeM rjiy6ace Ha^o 
norpy3HTb KOMneHcnpyiomne CTepacHH b aKTHBHyio 30 iiy. fljia 
BBe^eHna b ^encTBue hoboto KOJinnecTsa ropionero KOMneiicK- 
pyiomne CTepacHH Ha^o nacTHHHo BbiBecTn H 3 aKTHBHon 3ohm. 

HMeeTca Tanace rbsl CTepacHa aBapnnHon BaujHTbi. Ohh bbo- 
flflTca b aKTHBHyio 30Hy aBTOMaranecKH npn noHBJieiiHH asa- 
pHHHoro cnrHaaa (b cjiynae npeBbimeHna ypOBHa moiijhocth 
peaKTopa Ha 20% ; npn cjihiiikom 6ojibiiioH ckopocth HapaeTa- 
hhh u,enHon peaKi^nn, H3MeHeHnn paoxo^a n TeMnepaTypbi bo- 
flbi b KaHaJiax h t. n.). 

BnojiornnecKaa 3am;HTa ot pa^noaKTHBHbix K 3 JiyneHHn pe- 
aKTopa ocyujecTBaaeTca b 6okobbix HanpasjieHHax caoeM bo- 
Abi tojiiuhhoh b 1 m h caoeM 6eTOHa tojiiahhoh b 3 m; 
CBepxy — caoeM rpa$HTa n HecKOJibKHMH cjiohmh nyryna ( 06 - 
maa ToamiHHa — okojio 60 cm). 
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IIpH pa6oTe aa nojiHyto moujhoctb (5000 kbt) aTOMHaa 
aaeKTpocTaHHHa pacxo,n;yeT b cyTKH 30 r ypaHa 235. 

PeaKTop paSoTaeT Ha o^hoh 3arpy3Ke Ha nojmyio moihhocte. 
b TeneHHe flByx c nojiOBHHofi MecaneB. 

PaSoHHe Kanajibi no Mepe BtiropaHHH ypaHa H3BjieKaioTca 
H3 peaKTopa h BWflepacHBaioTca b cneijHajn>HOM BOfloxpaHHJiH- 
u^e fljiH CHHJKeHHH hx paflHoaKTHBHOCTH. B3aMeH BbiHyToro pa- 
6onero KaHajia cTaBHTca hobbih. IlepeMemeHHe pa6oniix na- 
HajiOB npoH3BOAHTCH npn noMomn KpaHa, ynpasaaeMoro Ha 
paccTOHHHH H3 cneimajiBHoro noMemeHHH, 3amHmeHHoro ot 
paflHOaKTHBHBIX H3JiyneHHH. 

IIJIAKAT 11. AieaAeMHa iiayx CCCP. ATonmaa ajieKTpocTaH- 

una (cxeMa 1 ) 

ATOMHaa 3JieKTpocTaHi^HH HMeeT A®a ochobhbix 3aMKHy- 
TBIX KOHTypa i^HpKyjiai^HH boabi. IlepBBiH KOHTyp : peaKTop 
(1) — Ten;ioo6MeHHHK (2) — Hacoc — peaKTop (1). Btopoh koh- 
Typ: Tenjioo6MeHHHK (2) — naposaa Typ6HHa (3) — KOHA^HcaTOp 
! (5) — Jiacoc — TenjiooSMeHHHK (2). 

Tenjio, o6pa3yiomeecH b peaKTope (1), iiotokom boabi nep- 
, Boro KOHTypa nepeHocHTca b Tenjioo6MeHHHK 2 (2), rAe oho ne- 

} P e3 Tpy6naTBie noBepxHoeTH HarpeBaeT h npeBpain; ae T BOAy 

BToporo KOHTypa b nap, nocTynaiomnii b napOByio Typ6nHy (3). 
OTpa6oTaHHHH nap b KOHAeHcaTope (5) oxjiaacAaeTca, npeBpa- 
maeTca b BOAy h bhobb noAaeTca b Tenjioo6MeHHHK ( 2 ). I^np- 
! KyjiaijHH boabi ocymecTBjiaeTca cnei^najiBHBiMH HacocaMH. 

i IlapoBaa Typ6HHa (3) npHBOAHT b A^ficTBue reHepaTop 

1 ajieKTpnnecKOH OHeprnH (4). rtojiyneHHaa sjieKTposHeprna 

] nocTynaeT Ha TpaHc$opMaTopHyio noACTaHijHio, noAKJHoneH- 

| Hyio k o6m;eH ceTn. 

■ ® nepBOM KOHType oaeKTpocTaHijHH ijnpKyjiHpyeT ahcthji- 

jinpoBaHHaa BOAa noA A a BJieHHeM b 100 aTM. ITpn BxoAe b peaK- 
Top OHa HMeeT TeMnepaTypy 190°, npn BBixoAe — 260—270°. 
Bo BTopoM KOHType o6pa3yeTca nap noA AaBJieHHeM b 12,5 aTM, 
KOTOpBiH h nocTynaeT b TypSHHy. OxjiaacAeHne napa b kohach- 
caTope (5) ocymecTBjiaeTca TexHnnecKH onnmeHHOH boaoh, ko- 
Topaa nocTynaeT H3 KOHAeHcaTopa b 6pBi3rajn>HBm SacceHH, 

J a 3aTeM bhobb noAaeTca b kohaohcbtop. 

\ KOHTypax HMeeTca Taxace paA BcnoMoraTejiBHBix ycT- 

5 poHCTB, oGecnenHBaioiniHx nocToaHCTBo TeMnepaTypBi h AaBJie- 

/ HHH boabi b paSoHHx KaHaaax, nonojiHeHHe yTenKH boabi h t. a* 

Boa&, nponieAuiaa nepe3 peaKTop, cTaHOBHTca paAHoaKTHB- 


1 Ha njiaicaTe npHBO^HTCH ynpomeHHaa cxeMa. 

2 Ha caMOM flejie Ha CTamjHH HMeeTca 4 napu TemiooSMeHHHKOB. 


25 


Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 



Sanitized Copy Approved for Release 2010/05/12 : CIA-RDP80T00246A045400240001-1 


hoh. IIo3TOMy Bee ajieMeHTbi nepBHnnoro KOHTypa OKpyaceHbi 
3anjHTOH. Bo^a BTopHHHoro KOHTypa HepaAHoaKTHBua. 

AxoMHaa 3JieKTpocTaHi;Ha pacnojiaraeTca b Tpex 3 #a hhhx. 
B rjiaBHOM ZRdLHim HaxoflaTca a^epHtiH peaKTop, TenjiooSMeH- 
hhkh, Hacocbi h Apyroe oSopyAOBaHHe rjisl oScjiyacHBaHHH pe- 
aKTopa h npoBe,a;eHHa HaynHbix h HHaceHepHbix Hccjie^OBaHHH. 
B 3tom ace 3AaHHH B^ajiH ot peaKTopa pa3MemeH nyjibT ynpaB- 
jieHHa CTaHijHH. Bo btopom 3 AaHHH Haxo^aTca napoBaa Typ 6 n- 
iia h reHeparap, KOH^eHcaTop h Apyroe o 6 opyAOsaHHe. B TpeTb- 
eM 3flaHHH pa3Mem,eHbi BeHTHJiau,HOHHbie ycTponcTBa, Heo 6 xo- 
AHMbie AJifl BbiSpoca b Tpy 6 y pa^HoaKTHBiibix ra30B, BbiAOJia- 
iom;Hxca npn pa 6 oTe peaKTopa. 

OcHOBHbie onepaijHH ynpaBJieHHa aTOMHOH 3JieKTpocTaH- 
ii,HeH npoH3BdAflTca aBTOMaTHHecKH. Ha nyjibTe ynpasjieHHH 
cTaHUHH cocpeAOToneHbi Bee npHSopbi, cjieAHHJHe 3a pa6oTon 
rjiaBHbix ycTaHOBOK. OnepaTop HMeer B03MoacHocTb nocToaHHo 
KOHTpojinpoBaTb MoiHiHocTb, pa3BHBaeMyio peaKTopoM, noaoace- 
HHe peryjiHpyioiUiHX cTepacHeii, TeMnepaTypy, AaBJieHHe h ko- 
jiHHecTBo npoTeKaiomeii boabi b KaacAOM H3 128 KaHaaoB, AaB- 
JieHHe napa, nocTynaiomero b Typ6nHy, pa6oTy HacocoB h Ten- 
jiooSMeHHHKOB h t. A- B cooTBeTCTBHH c noKa3aHHaMH npn6o- 
poB onepaTop MoaceT ycTpaHaTb pa3JiHHHbie HenojiaAKH. OAHa- 
ko ecJiH oh He npHMeT HeoSxoAHMbix Mep, npeAOTBpamaiom.Hx 
B03M0MCH0CTb aBapHH, to peaKTop Bee paBHo 6yAeT aBTOMara- 
neCKH OCTaHOBJieH aBapHHHBIMH CTepHCHHMH. 

Ha oco6om A03HMerpHnecKOM nyjibTe HaxoAflTca npH 6 opbi, 
cHrHajiH3HpyioH^He 06 onacHbix cKonjieHHax paAHoaKTHBHbix 
H3JiyaeHHH. Ecjih b KaKOM-jin 6 o H3 noMemeHHH cTaHijHH H3jiy- 
neHna npeBbicaT AonycTHMyio HopMy, to aBTOMaTHnecKH 
BcnbixHeT KpacHaa jiaMnonna h HanHeT A^HCTBOBaTb 3ByKOBOH 
cnrHaji. Tanaa cHCTeMa npeAynpeacA^HHa o 6 ecnenHBaeT 6 e 3 - 
onacHocTb pa 6 oTbi o 6 cjiyacHBaioiii;ero nepcoHajia. 

PaAHoaKTHBHaa nbijib h ra3bi OTcacbisaioTca H3 noMeme- 
hhh 3JieKTpocTaHii,HH h nepe3 BbicoKyio Tpy6y BbiSpacbiBaioTca 
b aTMOC(J)epy. BbicoTa Tpy6bi pacenHTaHa Tan, hto6bi yAaaae- 
Mbie BpeAHbie npoAyKTbi He npeACTaBJiajiH onacHOCTH rjix . Ha- 
cejieHHa. 

YnpaBJieHHe pa6oToft 3JieKTpocTaHu;HH BeAeTca c rjiaBHoro 
nyjibTa AByMa HHaceHepaMH. B pa3JiHHHhix noMemeHHax ctbh- 
h,hh AancypaT HecKOJibKo MexaHHKOB h ajieKTpHKOB, o6cjiya<H- 
BaiOmHX MaiHHHbl. 

IIJIAKAT 12. HAepHbiii peaKTop (c KHnameii boaoh) 

B 3tom peaKTope 3aMeAJiHTejieM aBjiaeTca o6biHHaa BOAa, 
a b KanecTBe ropionero Hcnojib3yeTca o6oram;eHHbiH ypaH. Bo- 
Aa aaKHnaeT b aKTHBHOH 30He, h o6pa3yiom,HHca nap BbicoKoro 
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Phc. 3. CxeMa KHnamero roMoreHHoro 
peaKTopa: 

1 — peaKTop; 2 — pa3,nejiHTejib; 3 — ycipoft- 
ctbo aji a ohhctkh napa; 4 — TenjfooCMeHHHK, 



AaBJieHHa noflaeTck b Typ- 
6oreHepaTop ( 4 ). Orpafio- 
TaHHbift nap npeBpamaeT- 
ca b KOHAencaTope ( 5 ) b 
bo Ay, KOTopaa CHOBa B03- 
BpamaeTca b peaKTop. 
^aBJieHHe napa BoenpHHH- 
MaeTca BceM KopnycoM pe* 
aKTopa ; noaTOMy Kopnyc 
H3rOTOBJieH B BHAe TOJI- 
CTOCTCHHOrO MeTaJIJIHHeC- 

Koro i^HJiHHApa. HMeeTca 
TaKMce npeAoxpaHHTejib- 
Hhiii KJianaH (Ha iuianaTe 
He noKasaH), kotophh ot- 
KpMBaeTca, KorAa AaBjie- 
Hne napa cTaHOBHTCH 
6ojibUie AonycTHMoro ; TeM 
caMbiM peaKTop npeAOxpa- 
HaeTca ot pa3puBa. 

XapaKTepHHM a-tih Ta- 
koto rana peaKTOpOB hb- 
jiaeTca : 1 ) npHMeHeHHe 

oSbi^Hoii boabi OAHOBpe- 
MeHHO b KanecTBe 3aMeA- 

JIHTeJIH H TenJIOHOCHTeJIH 

h 2 ) HaAHHHe Bcero numb 
oAHoro KOHTypa mipKyjiH- 
1JHH, HTO BeAGT K OTCyTCT- 
BHK) TenJI 006 MeHHHKa H 
y MeHBmeHHio pa 3 MepoB h 
moiijhocth HacocoB. Bjia- 
roAapa bthm oScToaTeab- 

CTBBM KOHCTpyKI^HH CTBH- 
ijhh cymecTBeHHo ynpo- 
njaeTca. OAHaico noAana 
napa H3 peaKTopa Henoc- 
peACTBeHHO b Typ6nHy mo- 
>KeT BbI3BaTb HeKOTopbie 
OCJIOHCHeHHH. ,I(eJIO B TOM, 
hto nocTynaioiAHH b Typ- 
6HHy nap o6jiaAaeT paAHO- 

aKTHBHOCTbK), TaK KaK 
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KHCJiopoa BOflbi, a Tarae HeicoTopbie coflepacamnecH b Heft He- 
3naHHTejiLHbie npHMecH (HanpHMep, HaTpnft, acejie 3 o) b aimiB- 
HOft 30He peaKTOpa CTaHOBHTCH paAHOaKTHBHbIMH 1 . 9to MOHCeT 
3aTpy^HHTb o 6 cjiyacHBaHne h peMOHT TypSHH. flajiLHeftmue 
OIIblTbl H HCCJie^OBaHHH HMejEOT IjeJIbK) BbIHCHHTb H yCTpaHHTb 
nofloSHBie Tpy^HocTH. 

B naTHjieTHeft nporpaMMe CTpOHTejiBCTBa aTOMHtix ojigk- 
TpocTaHn;Hft b CCCP npe^ycMOTpeHo co3,a;aHHe ontiTHoft 3 jieK> 
TpocTaHijHH MomHocTbio b 50 000 kbt c peaKTopoM yKa 3 aHHO- 
ro rana. 

HHTepecHBift npoeKT aTOMHoft ojieKTpocTamjHH c roMoreH- 
HbiM peaKTopoM c KHiiameft Bo^oft 6biji npe^jio^eH KOJiJieKTH- 
BOM coBeTCKHx yneHbix, B03rjiaBjiaeMMM A. H. AjmxaHOBbiM. 
ynponj;eHHaH cxeMa Taicoro peaKTopa npe^cTaBjieHa Ha pnc. 3. 
PeaKTop (1) co^epacHT B3Beci> noponiKooSpasHoft okhch ypana 
b Taacejioft Bo^e. Ilpn ^octhjkohhh KpHTHnecicoro 
oo'BeMa b cMecH B03HHKaeT ijennoft npoijeec. PacTBop HarpeBa- 
eTca h khuht. B pa3AejiHTejie (2) nap OHHiii;aeTCH ot 6 pbi 3 r bo- 
a OHHCTHTejie (3) — ot paAHoaKTHBHbix npmvieceft. Ohh- 
meiiHbift nap nocTynaeT b TenjiooSiueHHHK (4) h nepe,n;aeT Tenjio 
BTopoMy KOHTypy. OTpaSoTaHHbift nap KOH^encnpyeTcn b Bo^y 
h bhobb BQ3Bpam;aeTetf b peaKTop. B peaKTope 3 Toro Tima, b ot- 
JiHHue ot npe^biflynjero, HMeeTcn ABa KOHTypa ijHpKyjiJinim, 
TaK hto b TypSuHy nocTynaeT Hepa^noaKTHBHbift nap. 

IIJIAKAT 13. flAepHbifi peaKTop (c booipoksboactbom) 

KpynHbiM HeflocTaTKOM paccMOTpeHHbix ypaHOBbix a^ep- 
Hbix peaKTopoB Ha MeAJiemibix HeftTpoirax c rpa<J>HTOBbiM 3 a- 
Me^jiHTejieM hbjihctch to, hto b hhx ncnojib 3 yeTCH b ochobhom 
ypan 235. ypaH 238, cocTaBJijnomHft ocHOBHyio nacTb npupoA- 
Horo ypana, iiohth He ynacTByeT b npoijecce, HBjiaacb Bpe^HbiM 
6 ajijiacTOM, Tpe 6 yioiu;HM npHMeHeHHH 3aMeAJiHTejiH. IIoaTOMy 
B03i-niKaeT Bonpoc : hcjibsh jih ncnojib30BaTb h ocHOBHyio nacTB 
npnpoAHoro ypaHa — ypan 238? 

IlepBbiH mar b otom HanpaBjieHnn 6 biJi c^ejiaH npn nojiy- 
neHHH njiyTOHHa. Kan h3bcctho, ypaH 238, 3axBaTbiBaa Heft- 
TpoHbi, npeBpam;aeTCH b KOHn,e kohitqb b njiyTOHnft. Mojkho 
npeACTaBHTb ce 6 e a B a Tima ypaHOBbix aAepHbix peaKTopoB Ha 
Me^JiGHiibix neftTponax c rpa(J>HTOBbiM aaMeAJiHTejieM. B nep- 
bom cjiynae rjiaBHoft ijejibio aBJiaeTca nojiyneHne oojibinoro ko- 
jinnecTBa oHeprHH. Bo btopom cjiynae cTaBHTca Apyraa 3 a- 


Htoobi npeflOTBpaTHTk He^cejiaTejiBHoe nona^aHne pa^HoaKTHBHBix 
ockojikob flejiemiH flAep ypaHa b nap, ypaH He AOJiJKeH conpHKacaTtca c 
boaoh. Rjix 3Toro npeAnojiaraeTca 3amnmaTb ypanoBue crepHCHH oSojioh- 
koh H3 roipKOHHeBoro cnjiasa. 
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Aana — nojiy wrb KaK mohcho 6ojibine njiyTOHHa. B03mohcho- 
cth ypaHOBoro peaKTopa Ha MeflJieHHbix Heih-poHax c rpa<|>H- 
TOBbiM 3aMe,3;jiHTejieM b otom oTHomeHHH flOBOJibHO orpaHH'ie- 
Hbi. B Kaac^OM aKTe flejieHHa aApa ypaHa 235 b cpeAHeM ocbo- 
6oacAaeTca 2 — 3 HeihpoHa. fljia pa3BHTHa ijenHOH peaiujHH Ha- 
AO, HT06bI OAHH H3 3THX HeHTpOHOB npoH3Beji HOBOe Renetme 
aApa ypaHa 235. Ho 3HanHTejibHaa nacTb H3 ocTaBiunxca Hefi- 
TpoHOB norjioTHTca 6ecnojie3Ho 3aMeAJiHTejieM, peryjrapyiomH- 
MH CTepaCHaMH, npHMeCHMH, AO nojIH HTeJIbHMMH KOHCTpyK- 
THBHMMH MaTepwaJiaMH, BBOAHMbIMH B AKTHBHyK) 30Hy peaK- 

Topa, Tan hto Ha o6pa30BaHHe njiyTOHHa noHA^T jihiiib Heico- 
Topaa nacTb HeiiTpoHOB A^enHa. 

Ho mohcho nocTpoHTb peaKTop, BOcnpoH 3 BOAaiHiHH aAepHoe 
ropionee (ero Ha3biBaioT 6 pHAepoM), to ecTb TaKoS, b kotopom 
cropeBiuee aAepHoe ropionee He nacranHo, a nojiHocTbio 3aMe- 
HaeTca bhobb o6pa30BaBiiiHMca. flaa dtoto HaAO 3HanHTeJiBHO 
yMeHBiHHTB 6 ecnojie 3 Hyio noTepio HeiiTpoHOB AeaeHHa. Ecjih 6 bi 
mbi aoShjihcb Toro, hto 6 m, HanpHMep, H3 Tpex HeiiTpoHOB a©- 
jieHna oahh rneji Ha noAA^pacaHHe ijenHoft peaKi^HH, oahh (o 6 h- 
3 aTejiBHo) — Ha o6pa30BaHHe njiyTOHHa, to ecTB Ha 3axBaT 
ypaHOM 238, h tojibko oahh 6ecnojie3Ho Tepajica, to BocnpoH3- 
boactbo aAepHoro ropionero 6 mjio 6 m o 6 ecneneHO. B otom cay- 
nae BMecTO oahoto pa 3 AejiHBineroca aApa ypaHa 235 B03HHKaao 
6 m oaho HOBOe hapo njiyTOHHa. 

B ypaHOBOM peaKTope Ha MeAJieHHMx HeiiTpoHax c rpa<|>HTO- 
bmm 3aMeAJiHTejieM Taicne ycaoBHa co3a&tb Hejib3a. JJjih aToro 
Heo6xoAHMM peaKTopbi hoboto rana. Oahh H3 hhx H3o6paaceH 
. Ha njiaxaTe 1 . njiyTOHHH (hjih ypaH 235, hjih chjibho o6oram;eH- 

hmh npupoAHMH ypaH) mmemeH b ijeHTpe peaKTopa. Boicpyr 
njiyTOHHa paenojioaceH ypaH 238. 3aMeAJiHTejib OTeyTCTByeT. 
06pa3yioiii;Heea b njiyTOHHH b pe3yjibTaTe menHOH peaxijHH 
6bicTpbie HeHTpoHM AeJieHHa nonaAaiOT b aApa ypaHa 238 h 
jih 6 o norjiom;aioTca hmh, jih 6 o RejiHT hx b He6ojiBHiOM kojih- 
necTBe. B OTJiHnne ot MeA-neHHMx HeiiTpoHOB 6ecnoJie3Haa 
noTepa 6 mctpbix HeiiTpoHOB b npHMecax, ocKOJiicax a ejie ' 

Hua, KOHCTpyKTHBHMx MaTepHajiax, HaxoAHin;Hxca b aKTHBHoii 
30He, 6yA6T 3 HanHTejiBHO MeHBUie (bchomhhm npHMep : 6bicTpaa 
nyjia npoxoAHT 6ojiee tojictbih cjioh BemecTBa, neivr MeAJieH- 
Haa). npaBAa, c poctom aHepnm hchtpohob BepoaTHocTb ftene- 
HHa HAep ypaHa 235 h njiyTOHHa Taicace yMeHbmaeTca, ho 
yMeHBinaeTea cjia6ee, neM cHHacaioTca 6ecnojie3HBie noTepn. 

TaKHM o6pa30M BbinojiHaioTca ycaoBHa, Heo 6 xoAHMMe rjih noji- 
Horo BOcnpoH3BOACTBa aAepHoro ropionero. 9 tomy 6 yAyT cno- 


i B HacToamee BpeMa ocymecTBJieHW jramb onuTHHe o6pa3iiu tbrhx 
peaKTopoB. 
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co6cTBOBaTb TaKHce HeftTpoHU, o6pa»yioiimecH npH flejieHHH 
flflep ypaHa 238. 

Mojkho TaKHce aoShtbch, hto6bi aflepHoro ropionero o6pa- 
30BbiBajioci> 6ojiE»iue, neM pacxoflOBajiocB, to ecTB ocymecTBHTB 
pacniHpeHHoe BocnpoH3BOflCTBO. 

Ilocjie Toro KaK b ypaire 238 o6pa3yeTca flocTaTOHHoe kojih- 
necTBO njiyTOHHii, cMecb HanpaBjiaiOT Ha 3aBOflbi xHMHnecKoro 
pa3flejieHna. Bhobb nojiyneHHBiM njiyTOHneM mojkho ijejiHKOM 
BOCIlOJIHHTb «CropeBIHHH» B aKTHBHOH 30He, a npH paCIHHpeHHOM 
Bocnpon3BOflCTBe — flame nojiyaHTB H36biTOHHoe KOJinaecTBO 
njiyTOHHH. TaKHM o6pa30M, peaKTopbi Ha 6 bictpbix HefiTpoHax 
flaiOT B03M0HCH0CTB nOJIHOCTBIO HCn0JIB30BaTB npHpoflHbie 3arra- 
cbi Bcero ypaHa, a He tojibko ero H30Tona 235. 

Tenjio, o6pa3yiouj;eecH b aKTHBHOH 30He peaKTopa npn fle- 
JieHHH Hflep, MO^CHO OTBeCTH H HCn0JIB30BaTB flJIH npOMBIIHJieH- 

hbix i;ejieH. 

B paccwraTpuBaeMOM peaKTope (b npoTHBonojiomHocTB ypa- 
HOBOMy peaKTOpy na TenjioBbix HeHTpoHax c rpa<|)HTOBBiM 3a- 
MefljiHTejieM) mejiaTejiBHO Kan mohcho MeHbnie 3aMeflJiHTB Hen- 
TpOHBI, HToSbl CHH3HTB HX 6eCITOJie3HyK) nOTepiO. IloaTOMy B HeM 
ecTecTBeHHo Hcnojib30BaTb b KanecTBe TemiOHocHTejia pacnjiaB- 
jieHHbie MeTajuibi, HMeioipHe cpaBHHTejibHo TamejiBie Hflpa 
(HanpHMep, HaTpHH, cBHHeij, BHCMyT). Ecjih npomefliiiHH nepe 3 
peaKTOp MeTaJIJI CTaHOBHTCH CHJIbHO paflHOaKTHBHBIM, npHXO- 
flHTca 6paTb He flBa, a tph KOHTypa ijnpKyjiaijHH (b flByx nep- 
bbix KOHTypax — pacnjiaBjieHHbiH MeTajui, b nocjieflHeM — bo- 
fla). Bofla TpeTbero KOHTypa npeBpamaerca b nap, kotopbih no- 
flaeTca b Typ6HHy, cBa3aHHyio c reHepaTopoM. 

PaccMOTpeHHbiH U.HKJI npoH3BOflCTBa HflepHoro ropionero 
Ha3biBaioT flHKJiOM «ypaH 238 — njiyTOHHH 239». 

B oTjiHHHe ot peaKTopa Ha MeflJieHHbix HenTpoHax, peryjiH- 
poBaHHe peaKTopa Ha 6bictpbix HenTpOHax Hejib3a npoH3BOflHTb 
npH noMoiflH CTepHCHeit, CflejiaHHBix H3 KaflMHa hjih 6opa, Tan 
Kax 3th semecTBa aKTHBHo norjiomajoT tojibko MeflJieHHBie Hen- 
TpoHbi. fljia ynpaBjieHHH peaKTopoM Ha Sbictpbix HeitTpoHax 
Haflo 6paTb cTepmHH H3 MaTepnajia, xopomo rrorjiomaiomero 
SbrcTpbie HeiiTpoHbi, HanpHMep. H3 npHpoflHoro ypaHa. 

Bosmojkiio Taxme ocynjecTBHTb peaKTOp e BocnpoH 3 BOfl- 
ctbom Ha MeflJieHHbix HeiiTpoHax, ho fljia 3Toro Haflo hciiojib- * 

30BaTB flpyron ijhkji: «tophh 232 — ypaH 233 ». B stom cjiynae 
ypaH 233 onpyrnaioT TopneM 232. IJenHOH nponecc nponcxo- 
flHT b ypane 233. Ho TaK KaK ypaH 233 cjia6o norjioiijaeT Mefl- 
JieHHBie HenTpoHbi, to ohh nonaflaioT b tophh 232, kotopbih hx 
norjioin;aeT h nocjie pafla npespameHHH nepexoflHT b ypaH 233. 

B otom cjiynae TaKme mo^cho co3flaTb ycJioBH a, npH kotopmx 
«CBemero» ypaHa 233 nojiy^HTca He MeHbine, hcm ero 
«cropejio». 
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ypaH 233 b npapofle He BCTpenaeTca. Oh MoaceT 6biTb no- 
jiyneH anuib HcxyccTBeHHbiM nyTeM — npn 3axBaTe HeirrpoHOB 
xopneM 232. 3Toro tophh 232 noMemaioT b cneijHaabHbie 
xaHaabi peaKTopa (HanpHMep, ypaHOBoro c rpacpHTOBWM 3aMeff- 
jiHTejieM), rfle oh ofSaynaeTca MeaaeHHbiMH HeifcrpoHaMH. 
Topna b npnpoffe HMeeTca b Hecxoabxo pa3 Qojibiue, neM ypaHa. 
IIoBTOMy i;iikji « TopHii 232 — ypaH 233 » npe#cTaBaaeT 3HaHH- 
TejibHbiii npaKTHnecKHH HHTepec. 

B naTHJieTHeit nporpaMMe cTpoHTeabcTBa aTOMHbix saex- 
TpocTaHUHH b CCCP npeaycMOTpeHo co3flaHHe onbiTHbix 
aTOMHbix aaeKTpocTaHijHH MomHOCTbio no 50 000 kbt xaacflaa 
c peaKTopaMH c BOcnpoH3BOflCTBOM no UHKJiaM «ypaH 238 — 
njiyTOHHH 239 » h «tophh 232 — ypaH 233 ». 

IUIAKAT 14. H^epHUH peaxrop (norpyaceHHUH b BO«y) 

J^jia pa3JiHHHbix HayHHbix HccaeflOBaHHH Tpe6yioTca hhtch- 
CHBHbie noTOKH HeiiTpoHOB. Ho b npnpofle HeT 6onbmoro kojih- 
MecTBa cBoSoflHbix HeiiTpoHOB . Ha noMomb HccjieflOBaTejiio npn- 
xoflaT aflepHbie peaxTopw. B xanecTBe moihhmx hctohhhkob 
H eiiTpoHOB ncnojib3yioTca peaKTopw, npeflHa3HaHeHHbie rjik 
oHepreTHHecKHx u,ejiefi, h peaKTopbi, nocTpoeHHbie cneijHaabHO 
flJIH $H 3 HHeCKHX HCCXeflOBaHHft. 

Ha 3 tom naaxaTe npHBOflHTca TnnoBaa cxeMa peaxTopa, 
HcnojibsyeMoro cnenHajibHO b xanecTBe MomHoro HCTOHHHxa 
HeHTpoHOB. B flaHHOM peaxTope Tenjio (b npoTHBonoaoacHOCTb 
BHepreTHnecKHM peaxTopaM) HBjiaeTca ito6ohhum npoflyxTOM. 

B pa 3 JiHHHbix cTpaHax co 3 flaHo Hecxoabxo peaxTopoB 3 Toro 
THna. B peaxTope, nocTpoeHHOM b CCCP, 3 aMeflJiHTeneM hb- 
jiaeTca oSbiHHaa Boaa, a ropioHHM — npHpoflHbiii ypaH, 060 - 
rameHHbifi p,o 10% ypaHOM 235. AxTHBHaa 30Ha peaxTopa 
HMeeT (JopMy, 6nH3xyio x i^HJiHHflpHHecxoii, h norpyaceHa b 
BO fly Ha rjiyfeny oxoao 3,5 m. flnaMeTp axTHBHoii 30Hbi paBeH 
40 cm, a BbicoTa — 50 cm. B peaxTop 3 arpyacaeTca oxoao 
3,5 xr ypaHa 235. YnpaBaeHHe ocymecTBaaeTca npn noMbupi 
neTbipex CTepacHeii (tph H3 xap 6 nfla 6 opa h o^hh H3 cTann), 
BBOflHMbix b axTHBHyio 30Hy. flaa aBapniiHOH octbhobxh peax- 
Topa HMeeTca tph CTepacHa H3 xapSnfla 6 opa. B xanecTBe 3a- 
tt tm th Hcnoab 3 yiOTca BOfla h nyryH (nocaeflHHti Ha naaxaTe He 
noxa3aH). Bofla cayacHT h TenaoHocHTeaeM. CneiiHaabHbiMH Ha- 
cocaMH oHa HenpepwBHO noflaeica b Tenaoo 6 MeHHHX, rfle 
oxaaacflaeTca bo^oS btophhhoto xornypa (nnpxyaanHa BOflbi 
Ha naaxaTe He noxa3aHa). B axTHBHOH 30He peaxTopa noay- 
naeTca noTox, paBHbiii npH6aH3HTeabHO 2000 MnaanapflOB Heft- 
tpohob aepe.3 1 cm 2 b 1 cexyH^y. 

B HexoTopbix peaxTopax 3Toro THna BMfleaaeTca ctojib 
M aaoe xoannecTBO Tenaa, hto hct Haflo 6 HOCTH ocymecTBaaTb 
UHpxyaauHio BOflu. 
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IIJIAKAT 15. TepMOflAepHaa peaaipia 

HaiiSojiee npaMofi nyTb nojiyneHHH aTOMHoii anepniH — 
HenocpeACTBeHHoe coeflHHemie (chht63) cboSoahhx HeHTpoHou 
h npoTOHOB b aflpa (njiai-caT 4). Oh He MoaceT olitb Hcnojii>30BaH 
npaKTHHecKH H3-3a OTcyTCTBHa b npnpofle HeoSxoflHMoro KOJIH- 
necTBa CBo 6 oflHbix HeiiTpoHOB. OflHaKo yflajioet ocymeci bht i. 
pHfl peaKi^HH coe^HHeHHH jierKHx HAep, KOToptie jih 6 o cyme- 
cTByioT b npHpofle, jih 6 o MoryT 6 litb irony aeHbi b AoeTaTOHHbix 
KojiH^ecTBax HCKyccTBeHHbiM nyTeM. Taicne peaKU,HH Tanace 
conpoBOJKAaioTca ocBo 6 oac,a;eHHeM aHeprHH. K hum othochtch, 
HanpwMep, coeflHHeHne AByx npoTOHOB b a^po AenTepaa (npn 
3 tom oakh H3 npoTOHOB npeBpam&eTca b HeiiTpoH, HcnycKaa 
rrojioacHTejibHo 3apaaceHHyio nacTHijy — no 3 HTpon) ; 
npoTOH+npoTOH -*■ flefiTepHH+no 3 HTpoH; 
coe^HHeuHe flefiTepna h tphthh c o6pa30BaHHeM a^pa rejina 
m HeiiTpoHa (BepxHHH pacyHOK njianaTa); 
fleHTepHH + TpHTHH -> renHH + HenTpoH ; 
coe/i;HHeHHe HApa hhthh 6 h ^eHTepwa c o 6 pa 3 GBaHHeM Aayx 
a^ep renaa (hhhchhh pncyHOK njiaKaTa); 

hhthh 6-f AGHTepHH renHH renHH h t. n. 

XapaKTepHbiM fljia tbkhx peaKu,HH HBnaeTca to, hto yqa- 
cTByiomne b hhx qacTHijbi oSaa^aioT OAHOHMeHHbiM (nonoacH- 
TeabHbiM) 3apaflOM. IIooToiviy npa c6nHaceHHH hx Ha Tanne pac- 
cToaHHa, rfle 6 ypyT ^eiicTBOBaTb a^epHbie chjibi npHTaaceHna, 
SbicTpo B03pacTai0T aaeKTpocTaTHnecKHe cnabi oTTanKHBaHHa. 
flaa npeofloaeHHa a6hctbhh can OTTaaicHBaHHH qacraijbi 
AoaacHbi oSaa^aTb oneHb 6onbiiioH aHepraeii. 

IlepBbie peani^HH coeAHHeHHa Sunn ocymecTBJieHbi $H 3 H- 
KaMH 6ojiee A®yx flecaTKOB neT Ha3aA, Kor^a 6binH nocTpoeHbi 
y CKopHTeaH — cneijHanbHbie annapaTbi rjisi nonyqemia 3 a- 
paaceHHbix qacTHij 6onbuiHx aHeprHH. Tan, ecnn «o6cTpeaaTb» 
a^po hhthh npoTOHaMH Sonbuiax aHeprHH, nonyqeHHbiMH b yc- 
KopHTeae, to o6pa3yeTca HeycTOHHHBoe hapo 6epnaaHa 8, koto- 
poe pacna^aeTca Ha Asa a^pa renaa: hhthh 7 + npoTOH — 
~*6epnaaHH 8 renHH + renHH. Tanoe npespameHHe conpo- 
BoacflaeTca BbifleaeHHeM aHeprHH, KOTopyio yHocaT aflpa renna, 
pa3aeTaiomHeca c orpoMHbiMH ckopocthmh. SHeprna aflep 
reana 6oaee qeM b 20 pa3 npeBocxo^HT aHepraio nepBOHaqanb- 
Horo 6oM6apAiipyioin;ero npoTOHa. OflHaKo btot cnoco6 
noayneHHa aTOMHOH aHeprHH He t HMeeT npaKTHqecKoro 
3HaneHHa, Tan kslk npH6aH3HTeabHO anuib oahh H 3 10 000 000 
npoTOHOB Bbi3biBaeT npeBpameHHe. IIoaTOMy aHeprHH, 3aTpaneH- 
Haa Ha co3,n;aHHe npoTOHOB, 6y,o:eT b 500 000 pa3 6oabine toh, 
KOTopaa MoaceT 6biTb noayneHa. 

Bbiao ocymecTBaeHo mhoto Apyrnx HAepHbix peani^HH eo- 
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eflHHeHHH, noflo6Hbix pa3o6paHHoii, ho Bee ohh o6aaflaiOT TeM 
HCe HeflOCTaTKOM. 

BnepBbie peaKu,HH coeflHHeHna jierKnx affep npaoSpean 
npaKTHHecKoe 3Ha T ieime nocae Toro, kuk npH B3puBe aTOMHoii 
6om6bi 6mjih noayneHbi KoaoccaabHbie TeMnepaTypu. C poctom 
TeMnepaiypu ckopocth (aHeprHH) ^acTiiu, B03pacTai0T h npii 
MHJiJiHOHax rpa«ycoB' flocraraioT tskhx 3HaneHHft, npn koto- 

pbIX CTEHOBHTCH B03M03KH0ft peaKl^HH COeflHHeHHfl. ECJIH 
B3HTb npoHHyK) MeTaaaHHecKyio o6ojiOHKy, HanojiHHTb ee, 
HanpHMep, fleftTepneM h TpHTHeM h noMecTHTb Tyfla ace btom- 
Hyio 6oM6y (ypaHOByio hjih nayTOHHeByio), to npH B3puBe aTOM- 
Hoii 6 om6bi o6pa3yeTca CTOJib Bbiconaa TesmepaTypa, hto fleil- 
TepHH h tphthh Ha^HyT npeBpamaTbca b reaHH. OcBo6oatflac- 
Maa npa btom orpoMHaa aHeprua 6yfleT noflflepacHBaTb 
BbicoKyio TeMnepaTypy, HeoSxoflHMyio flaa npoTeKaHHa peaK- 
u,hh coeflHHeHHa, to ecTb npou,ecc «ropeHHH» CMecH fleitTepHH 
h TpHTHa 6yfleT noflflepatHBaTb cate ce6a. Taaoii caMonojwep- 
acHBaioiii;HHca nponecc coeflHHeHHH JierKHX a^ep, npoHcxofla- 
iijhh npn BbicoKHx TeMnepaTypax, nojiyanji na3BaHHe TepMO- 
a^epHOH peaKUHH. 

TaK KaK «ropeHHe» cMecn ffeSTepna h TpHTHa npofloa- 
acaeTca HHHToacHwe aojih ceKyHflbi h conpoBoacflaeTca ocbo- 
6oacfleHHeM orpoMHoro KOJinnecTBa aHeprHH, TaKoii npoijecc 
hocht xapaKTep B3pHBa (BOffopoflHaa 6oM6a). IlpH B3pbiBe 
cmbch fleHTepna h tphthh ocBo6oacflaeTca npH6jiH3HTejibHO b 
5 pa3 Bojibme aHepran, aeM npn B3pbiBe ypaHa hjih nayTOHHH 
(TaKoro ate Beca). 

y BejiHneHHe moih,hocth BOflopoflHofi 6 om6u He CBa3aHO c 
orpaHHHeHHaMH, HMeiomHMH MecTO b caynae btomhoh 6om6m h 
onpeflejiaeMbiMH kphthhcckoh Maccofi ypaHa h njiyTOHHa. 

FIpHMeHeHHe flefiTepna h tphthh (BepxHHH pncyHOK naa- 
KaTa) flaa ocymecTBaeHHa TepMoaflepHux peaKijHH BbiroflHO 
noTOMy, hto b 8toh cMecn peaKu,Ha HaHHHaeT pasBHBaTbca npn 
TeMnepaTypax 6oaee hh3khx, hcm npn Hcnoab30BaHHH flpyrnx 
Bem,ecTB. Tphthh b npnpofle He BCTpenaeTca h MoaceT 6biTb 
nonyaeH jinmb HCKy ccTBeHHbi m nyTeM. fljia stoto jikthK 6 no- 
MemaioT b cnennajibHbie KaHajibi aflepHoro peaKTopa h o6ay- 
naioT HeHTpoHaMH. Ilpn btom hhthh 6 nepexoflHT b jih<th& 7, 
pacnaflaiomHHC a Ha tphthh h aflpo renaa. Hflpa tphthh flo- 

BOabHO yCTOHHHBM. 

B CBH3H co caoatHOCTbio nojiyaeHHH tphthh npeflCTaBaaeT 
HHTepec TepMoaflepHaa peaKi^na, H^ymaa b CMecn hhthh 6 h 
A eiiTepHH (hhjkhhh pncyHOK naaKaTa). flaa <3aatHraHHa» btoh 
cMecn HeoSxoflHMa 6oaee BbicoKaa TeMnepaTypa, a npn «cro- 

paHHH » OCB06oaCflaK)TCH HeCKOabKO MeHBinHe KOJIHHCCTBa 
sHeprHH. 3aTo flaa ocymecTBaeHHa TaKoii TepMoa^epHon peaK- 
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ijhh Tpe6yeTcfl BMecTo tphthh jihthh 6, AocTaTonnoe KOJin^e- 
ctbo KOToporo HMeeTca b npnpofle. 

TepMOH^epHan peaKijHH b boaopoahoh 6oM6e hocht xapaK- 
Tep B3pbiBa. ycHJiHa yneHbix MHorux cTpaH MHpa HanpaBaeHbi 
k co3ABHhio ynpaBjineMOH TepMOH^epHOH peaKijHH. 

Cyui;ecTBeHHbix ycnexoB na nyTH k pa3peineHHio 3 toh 3 a- 
A&mh aoShjihcb coBeTCKHe y^eHbie (JI. A. Apahmobhh, M. A. 
JleoHTOBHH, H. E. TaMM, A. JH. Caxapos h ap*)> uccaeAOBaBiijHe 
bo3mohchoctl ocynjecTBaeHHH ynpaBjiaeMBix TepMOH^epHbix 
pcaKu,HH npH noMon^H ra30Bbix pa3paflOB. 

HanSoaee noAXOAtfiUHMH rjisi 3Toro aBjiaioTCH AeHTepHH h 
tphthm, Tan KaK b cMecH 3 thx H30TonoB BOAopoAa TepMoaAep- 
naa peaKu,Ha HanHHaeT pa3BHBaTi>ca npH TeMnepaTypax 6ojiee 
HH3KHX, HeM npH HCITOJIb30BaHHH APY™X BenjecTB. HtoCbi 
noAHHTb TeMnepaTypy cMecn AeHTepna h tphthh ao mhjijiho- 
hob rpaAycoB, HaAo 3aTpaTHTb cpaBHHTejibHo neSojibinyio 3Hep- 
rwio. Tan, rjir HarpeBaHH** OAHoro rpaMMa AeHTepna ao TeM- 
nepaTypw b mhjijihoh rpaAycoB Tpe6yeTca 3aTpaTHTb HecKOJib- 
ko KH.aoBaTT-HacoB, to ecTb 3Heprnio, npn noMoiqH KOTopoii 
MOaCHO BCKHnaTHTb BOAy B SOJIbHIOM CeMGHHOM CaMOBape. IIpH 
nojiyneHHH ace rpaMMa reana nyTeM coeAHHeHHa AeHTepHH h 
tphthh BbiAejiaeTca b cothh tbichh pa3 6ojibine aHepran. 
OAHaKo, hto6bi peajiH30BaTb 3 to npeHMynjecTBO, HaAo npe- 
OAOJieTb ABe cymecTBeHHbie TpyAHOCTH. 

riepBaa H3 hhx — MeHee BaacHaa — aanaio^aeTca b tom, 
*ito yace npa TeMnepaType b 100 000° b TBepAOM h jih acHAKOM 
AeHTepHH B03HHKaiOT oneHb QojibiiiHe AaBaeHHa — 6oaee mhji- 
jiHOHa aTMoc(J>ep. Tanoro A^BaeHHa He BbiAepacHT HHKanaa 
o6oaonKa. rioaTOMy b BenjecTBe c 6oabinoH naoTHocTbio TepMO- 
HAepHyio peaKu,Hio Moacno B036yAHTb ToabKo Ha oneHb kopot- 
khh npoMeacyTOK BpeMeHH h OHa SyAeT hochtb xapaKTep caa- 
6oro B3pbiBa. 3Ty TpyAHocTb MoacHo npeoAoaeTb, npHMeHaa 
ra30o6pa3HbiH AeHTepHH, b kotopom npn Tex ace TeMnepaTypax 
B03HHKaioT HecKoabKo Menbinne AaBaeHHa. 

BTopaa — raaBHaa — TpyAHocTb 3aKaK>naeTca b tom, hto 
npn HarpeBaHHH AOHTepna ero nacTHijbi, npnoGpeTaa Soabinne 
ckopocth, pa3aeTaioTca bo Bee CTopoHbi, cTaaKrtBaioTca co ctch- 
KaMH cocyAa, b kotopom ohh 3aKaioneHbi, h nepeAaioT hm 
cbok) SHeprHio. Yace npn TeMnepaType b HecKoabKo A^caTKOB 
Tbican rpaAycoB noTepn 3HeprHH cTaHOBaTca CToab 6oabniHMH, 
hto HHKaKHe Mon^Hbie noTOKH Tenaa He MoryT BocnoaHHTb 
3TH noTepH h AaabHenmee noBbimeHHe TeMnepaTypbi OKa3bi- 
BaeTca HeB03MoacHbiM. 

KaKHM ace o6pa30M ocymecTBHTb HeoSxoAHMyio Tenao- 
H3oaau;Hio? Tan KaK penb HAeT o TeMnepaTypax b MHajiHOH 
rpaAycoB, to HHKaKHe MaTepnaabi rjir 3toh n.ean HenpHroAHbi. 
IIpH oneHb bwcokhx TeMnepaTypax AonTepnii h tphthh cyme 
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CTByioT b BHAe njia3MH — cpeAbi, cocTOHmeii H3 ojicktpohob h 
rOJIbIX HA^P, JIHUieHHBIX BJieKTpOHHblX o6oJIO^eK. IlOBTOMy 6bIJIO 
npeAJioHceHo Hcnojib30BaTb %jia Tenji0H30Jiaium MarHHTHoe 
noae. MarHHTHoe nojie cymecTBeHHMM o6pa30M H3MeHaeT xa- 
paKTep ABHaceHHa roabix &Aep, o6jiaAaiomHX ajieKTpHnecKHM 
3apaAOM: bmgcto A*HEceHna no npaMWM jihhhhm ohh HanH- 
HaK)T ABHraTbca no MajibiM cnnpajiaM. 06pa3HO roBopa, b 
MarHHTHOM nojie ha pa OKaacyTca njieHeHHbiMH b njia3Me, Kan 
6eaKa b KOJiece, h nepeAana Tenjia BHeniHeii cpeAe 3HaHHTejibHo 
yMeHbinHTca. 

Iljia3Ma o6jiaAaeT ajieKTponpoBOAHOCTbio, noaTOMy ecjin 
nponycTHTb nepes Hee ajieKTpnnecKHH tok, co3AaBaa ra30Bbift 
pa3paA, to moxcho oAHOBpeMeHHO h HarpeTb njia3My h co3AaTb 
TenjioH30JiHpyionjiee MarHHTHoe nojie. B npoBeAGHHbix onbiTax 
HaH6ojibiuaa CHJia TOKa (b HMnyjibce) Aocrarjia 2 mhjijihohob 
aMnep (b o6biHHbix ajieKTpnnecKHx jiaMnonKax npoTenaeT tok 
okojio 1 aMnepa). MrHOBeHHaa moh^hoctb, BbiAejiaBinaaca npn 
Tannx KpaTKOBpeMeHHbix pa3paAax, 3Ha^HTeju>H0 6ojiee chjib- 
ubix, neM yAap mojihhh, b 10 pa3 npeBoexoAHjia MonjHocTb 
KyH6biineBCKOH rnAPoajieKTpocTaHi^HH. 

OnbiTbi noKa3ajiH, hto, nponycnaa tok chjioh b HecKOJibKO 
cot Tbican aMnep nepe3 pa3peaceHHbiii ra3, coctohiu;hh H3 a^h- 
Tepna h tphth a, AencTBHTejibHO momcho HarpeTb o6pa3yioii];HHca 
crycTOK njia3Mbi ao TeMnepaTypbi okojio MHJiJiHOHa rpaAycos 
h ocymecTBHTb TeM caMbiM TepMoaAepnyio peaKijHio. TaKyio 
TeMneparypy b jia6opaTopHbix ycjioBHax paHee HHKOMy nojiy- 
nHTb He yAasajiocb. Tojibko npn aTOMHbix h boaopoahmx B3pbi- 
Bax AOcraraeTca 6ojiee BbicoKaa TeMnepaTypa. OAHaKO Ha6jno- 
AaTejib He pucKHeT npH6jiH3HTbca k MecTy B3pbiBa Ha pac- 
CTOHHHe, MeHbinee HecKOjibKHx KHJiOMeTpOB. B onncaHHbix ace 
onbiTax TOHKaa cTpyiiKa pacKajieHHofi njia3Mbi, 3aKJiio^eHHaa 
BHyTpn pa3paAHon KaMepbi, 6e3onacHa rjisi OKpyjKaiomHX, TaK 
KaK coAepacHT He6ojibiuoe KOJiHnecTRo pearnpyiomero 
BemecTBa 1 . 

B HacToain.ee BpeMa eme He hcho, yAacTca jih, hah no Ta- 
KOMy nyTH, noAOHTH k co3AaHHio peryjmpyeMOH TepMoaAep- 
HOH peaKIJHH 6oJIBIHOH HHTeHCHBHOCTH. OTBeT Ha 3TOT BOnpOC 
AaAyT AajibHeiiiiiHe HccJieAOBaHHa. 

HHTepecHo oTMeraTb, nTo TeMnepaTypa b HeApax CojiHija 
H HeKOTOpbIX 3Be3A CTOJIb BbICOKa, HTO TaM MOryT npOHCXOAHTb 
TepMoaAepHbie peaKi^HH. 3TOMy cnocoScTByeT h to o6cTOHTejib- 
ctbo, *ito 3aKJiioneHHoe b 3Be3AHbix HeApax BenjecTBO HaxoAHTpa 
noA orpoMHbiM AaBJieHHeM h noTOMy ^pe3BbinaiiHO ynjioTHeHO. 


1 IlpH pa3pflAe o6pa3yiOTca Taime iieiiTpoHM h ghjibho npoHHKa 
iomee peHTrenoBCKoe H3JiyneHHe; npHHHHa noHBJieHHa 3 thx H3JiyHeHHH no- 
Ka He HCHa. 
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npeflnojioraeHHe, hto cojmeHHaa aHeprna o6pa3yeTca b pe3yjib- 
TaTe TepMOH^epHOH peaxijHH, ocHOBbiBaeTc a Ha tom, hto 
C ojiHije coctoht rjiaBHMM o6pa30M H3 jierxHx ojieMeHTOB — 
BOflopofla (cocTaBJiHioiHiero okojio iiojiobhhli Bcefi Maccbi 
Cojraija), rejiHH, yrjiepofla h t. n.; Taacejibix ace ajieMeHTOB 
(ypaHa, Topna) Ha Cojmije oaeHb Majio, Tax hto CBH3aHHbie c 
hhmh a^epHbie npoijeccbi He MoryT 6biTb ocHOBHbiMH hctohhh- 
xaMH cojiHennoH BHcprHH. B HacToam;ee BpeMH em;e Hejib 3 a 
cxa3aTb c nojiHofi yBepeHHocTbio, xaxHe hmchho aAepHbie peax- 
ijhh coe^HHeHHH jieacaT b ocHOBe TepMOHflepHbix peaxijHH Ha 
CojiHi^e. 

BecbMa 3aMaHHHBOH aBjiaerca hash ocymecTBjieHHH ynpas- 
JiaeMOH TepMOHAepnoH peaxijHH, HAymefl He xpaTKOBpeMeH- 
HbiMH HMnyjibcaMH, a HenpepbiBHo. fljia 3toh ijejiH mojkho 
Obijio 6bi nonbiTaTbCH C03^aTb, HanpHMep, HCKyccTBeHHoe 
CojiHuie Ha 3eMJie. OAHaxo BpaA jih y^acTca b otom ^o6htbch 
ycnexa — fljiHTe^bHoe noAAepacamie HeoSxoAHMbix rpaH£H03- 
Hbix flaBjieHHH h TeMnepaTyp, no-BHAHMOMy, b Haiimx 3eMHbix 
ycjioBHHx ocymecTBHTb Hejtb3H. He HCKJiioHeHo, hto 3 Ta sa^ana 
6y J n;eT perneHa APyrHMH nyTHMH. 

IIJIAKAT 16. ^AepHoe ropionee 

YpaH BCTpe^aeTca b npnpoAe b ochobhom b bh a© pyA. 
HanGojiee BaacHOH H3 hhx HBJiaeTea ypamrr, coAepacaiijHH ao 
50% ypaHa. 

^oCbiTyio pyAY CHanajia OHHmaiOT ot ropHOH nopoA^i, He co- 
AepacameH ypaHa. 3aTeM oSorameHHyio pyAY HanpasjiaioT Ha 
XHMHHecKHe h MeTajuiypranecxHe 3aBOAi>i, r Ae nojiynaioT 
mhctbih ypaH (BepxHHH pucyiiOK njiaxaTa). 

«CBeacHe» ypaHOBbie cTepacHH 6esonacHbi, h tojibko 
npo6biB HexoTopoe BpeMa b aAepHOM peaxTope, ohh 
cTaHOBHTca chjibho paAHoaKTHBHbiMH. OTpa6oTaHHbie ypaHO- 
Bbie CTepacHH HanpaBjiaiOTCH H3 peaKTopa Ha 3aB0Abi xHMHae- 
CKoro pa3AejxeHHH. 3Aecb H3 hhx BbiAeaaeTca «HecropeBiUHH» 
ypan, KOTopbiH bhobl Hcnojib3yeTca b peaKTopax. 

OTAejibHbie paAHoaKTHBHbie ockojikh, o6pa30BaBiHHeca npn 
AejieHHH HAep, Taxace HaxoAHT npuMeHeHne b caMbix pa3JiHH- 
Hbix o6jiacTax HayxH h tcxhhxh b BHAe hctohhhkob raMMa- 
H3JiyHeHHH, «MeneHbix aTOMOB» h t. n. 

CynjecTBeHHbiM npeHMyujecTBOM aAepnoro ropionero 
aBJiaeTca ero 6ojibmaa TenjiOTBopHaa cnoco6HOCTb (hhjkhhh 
pHcyHox njiaxaTa): npn AejieHHH Bcex hasp, coAepacamuxca b 
1 xr ypaHa, ocBofioacAaeTca npH0jiH3HTejibHo Taxoe ace xojih- 
HecTBO BHeprHH, xax npH cropamm 1500 t He$TH, hjih 2500 t 
xaMeHHoro yrjia, hjih 4 000 000 m 3 ra3a, hjih npn naAemm 
50 000 000 M 3 BOAbI C BbICOTbl 30 M. 
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UUnuBHblE SJlEMEHTbl aHEPHOrO PEAKTOPA 



ycTpoMCTBO, b HOTOpoM ocymecTB.nsieTCH ynpaB/ineMafl uenHan peaKu,HH, Ha3biBaeTca flAepHbiM peaHTopoM. T/iaBHue 3/ieMeHTbi 
peaKTopa Ha MeAJieHHbix HefupoHax — HAepHoe ropronee (name Bcero ypaH, oSorameHHbifi M3OT0n0M 235) m 3aMeAJiMTeab (rpaijiMT, 
oobiHHaa BOAa, THwe^aa boas). 

fXnn H3M6H6HHB MMCJia BA^pHbtx m, caeAOBaTejibHO, moiuhoctm peaKTopa, c/iymaT pery/mpyiomHe CTepmHM; ohm 

CAe^aHbi M3 MaTepMa^a, xopouio nornoluaiomero HefiTpoHbi (KaAMMM, 6op m t. n.). Pery/iMpoBaHMe npon3BOAMTcn noAteiwoM m 
onycKaHMeM cTepmHe*. TauMe me CTepmHM ncnojib3yK>TCfi m ajis 6bicTporo npeKpameHMn pa6oTbi peamopa (aBapnfiHbie ctepmHM). 


for Release 2010/05/12 : CIA-RDP80T00246/ 



I BejiMKMM pyccKMft yneHbm fl. M. MeHAe- 
/ieeB oTKpbm 3 bkoh nepMOAMnecKOrt 3aBncn- 
MOOTH XHMMH6CKMX CBOMCTB 3JleMeHTOB OT MX 

aTOMHoro Beca m Ha ocHOBaHMM 3Toro 3aK0Ha 
pa3MecTMJi a^eMeHTbi b taSAMAy. 


KawAbiii 3AeM©HT TaS/imjbi MeHAe/ieeBa 
xapaHTepM3yeTCfi nopHAHOBbiM HOMepOM m 
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CTPOEHME SIAPA 



hapo boaopoaa qflpo re/iufl qflpo vrjiEPOAA 


Flflpo HaxoAMTcn b neHTpe aTOMa; oho coctomt H3 npoTOHOB — nacTMU, HMewmMX no/iowMTe/ibHbifi o^eHTpn- 
HeCKMfl 3apflA, H HeflTpOHOB — HaCTM4, ajieKTpMHeCKM HO 3apameHHblX. HnC.nO npOTOHOB B HAPe paBHO nOpHAKO- 
BOMy HOMepy ajieiweHTa, a hhcjio HeftTpoHOB — pa3hoctm MewAy MaccoBbiM hmcaom m nopnAKOBbiM HOMepoM. 



M30T0nbl BOAOPOAA 


1840 

3J1EKTP0H0B 




.0 i s*»? 


wmm 


CBEPXTflXCE/lblH BOAOPOA 
/TPMTMM/ 


TJDKE/lblM BOAOPOA 
/aemtepmh/ 


/lEfKMM BOAOPOA 


Bee HeftTpoHa npaiaepHO paBeH Becy npoTOHS 
TpOHa noHTH b 1840 pa3 MeHbLue Beca npotOHa. 


Pa3H0BHAH0CTM sneMeHTa, c OAHHaxoBbiM hhcaom npo- 

OHOB, HO pa3/lMHHblM HMCJIOM HeMTpOHOB B HAPe Ha3blBa- 


M30TonaMH. 





MacTb HeftTpoHOB, o6pa30BaBWMxcn ripn ppnmm n^ep ypaHa, MomeT BbrneTOTb n3 Hyena ypaHa. 
HanMeHbiunii o6-beM HAepHOro ropiosero, b kotopom 6yAet pa3BHBatbcn uenHati peaKuna p,enemn hasp, 
Ha3biBaeTcn HpHTHHecKMM oSteMOM. 
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OCHOBHblE 3/lEMEHTb! SI AEPHOfQ PEA K TO PA (npoflojiMEmnQ 


huo oTpaware/is 2 
m raMMa-flyMM Hpe3BW- 

H T. n.)( xopoiuo 

norjiomawinMMM HefrrpoHbi m raMMa-aynn. (YnpaB/ieHMe peanTopoM oSwhho npon3BOAHTCii Ha paccroaHMn). 

OrpoMHoe KOHHHecTBO reruia, ofipaayiomeecH b peaHTOpe, otboahtch reruioHOCHTeiieM 4 (BO^a, ra3, pacn/iaB- 
zieHHbie Mera^/ibi). 





HeiiTpoH, nonaBLUMfl b KycoK ypaHa, Mower Bbi: 
iHa, — npon30fiAeT sAepHaa neriHan peanuts. Tan 
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SIAEPHblM PEAKTOP (norpy>KEHHbiM b BOfly) 



PeaKTop a/ih nojiyneHHn MomHbix nOTOKOB HeiiTpoHOB, Heo6xoAHMbix Aaa HayHHbix MCC/ieAOBaHMfi. CTep- 
jkhh / m3 CMJibHO ofiorameHHoro ypaHa norpymeHbi b odbiHHyio BOAy KOTopaa OAHOBpeMeHHO aBaaeTca 3a- 
MeA^MTeaeM, TenaoHOCMteaeM m 3amMT0&. 
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flflEPHblft PEAKTOP ( C KMnfllUEM BOflOM ) 



^nefi. roptonee / — oSorameHHbiki ypaH, 
saMeA-nnieiib 2 — odbiMHaa boab. Ten- 
no otboahtch arofi me boaom, npeBpa- 
maiomeMCH b aKTMBHOH 30He peaKTOpa 
b nap Bbiccmoro AaB-nemiFi. M3 napoc6op- 
HHKa 3 nap nocTynaeT b TypfioreHepa- 
Top 4 . OTpa6oTaHHbiii nap npeBpa- 
maeTCfl b KOHAeHcaTope 5 b bo Ay , 
CHOBa B03BpaunatomyK)ca b peaKTOp. 
Ten^oo6MeHHHK orcyTCTByeT. MiuetoT- 
csi pery-nnpyK>mne CTepmHH 6 m c6op- 
>Abi 7 . 
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Ypaii Bcrpenaercn 0 npnpoAS b ochobhom b BH^e pyA> H 3 pyAnnna / py^a Hanpaa- 
jiaercH iia ofiorarn reabnyio ijjaopnny 2 Ana orAeaeunn or nycron nopoflbi; 3areM na 
xniunnecnoM m Meraaay prnnecKOM 3aaoAax 3 rioay'iaior ‘Hicrbin ypan, ncrioab3yeMbin 
B peanrope 4. Ha 3aB0,a,e xnMnnecnoro pa3AeneHnn 3 n.3 orpa6orannbix orepmnea. 


ripM fleaenmt acex naep 1 nnaorpaMiua ypana ocBofioiiyvae roa npn£>an3nreabH0 ra- 
noe a<e noannecrao oneprnn, nan npn cropaunn 1500 ronn netj) th, hjih 2500 ronn 
naMennoro yran, nan 4 Mnaanonoa nyfioMerpoa ra3a, nan nan npn na^eium 50 Mnaan- 
ohob nydoMerpOB rso.abi o Bbicorw 30 mo rpoa. 
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3^eHTpOCTaHU,Hfl HMeeT ppa. OCHOBHbIX 
HOHtypa HHpwy^anMM boam. Tenao, BbiAenaio- 
meeca b peantope /, ootokom BOAbi nepBoro 
HOHTypa nepeHOCMTca b Tenaoo6MeHHHK 2 , 
b HOTOpoM oho npeBpamaeT BOAy BToporo 
HOHTypa b nap. nap npuBOAMT b AeflCTBae 
TypfiHHy 3, CBa3aHHyho c reHepa-ropoiw 4. 
OTpaooTaHHbia nap b KOHAeHca-rope 5 oxaam- 
AaeTCa, npeBpamaerca b BOAy a BHOBb no- 
AaoTCa b Tenaoo6M6HHMH. UnpHynaAMa BOAbi 
ocymecTBaaeTca cnepnaabHbiMM HacocaMM. 
BoAa nepBoro KOHTypa oo/iaAaeT Bbiconofi 
paAHOaHTHBHQCTbK). 





nnvTOHUM 


ypAH+nmroHHM 




PeaKTOp Ha SbicTpbix HeiiTpOHax flan sHepreTMHecKMx uieaeH. TopioHee — nayTOHMM.OKpyweHHbi* npupoAHbiiw 
ypaHOM. 3aMeAaMTeab OTcytCTByeT, noaTOMjj 3HaHmeabHaa nacTb HePTpoHOa, o6pa3yK>mnxcH npn AeaeHMM 
HAep nayTOHMH, npeBpaipaeT ypaH 238 b nayTOHuPi. Horfla nnyTOHwa o6pa3yeTca AOOTaTOHHOe KOnnHCCTBO, 
CMecb HanpaBaawT Ha XMMMHecKMH 3a boa Aaa pa3AeaeHMH. B TaKOM peaKTope MomHO noaynHTb nayroHmi 
6oabiiie, neH ero 6biao 83hto BHanaae (socnpon380ACTBO ropwHero). Tenao, otbqa^hho© h3 peaHTopa 
pacnaaBaeHHbiM MeTaaaoin (uMpHyanpytomuM B nepBOM m btopom KOHTypax), npeBpamaeT BOAy TpeTbero KOHTypa 
b nap, KOTopbiH nocTynaet b TypSorenepaTopi 






MacTb 3Toro UMflMHflpa— 3aMefl^MTe/ib2, BHeiuHflfl — OTpawaTe/ib 3. HnieeTCH 22 pery/inpyK>mnx CTepwHH 4 m 2 aBapMfiHbix 5. 
TenflOHOCMTe^b (?— AMCTHflAMpoBaHHan BOAa nofl AasaemieM 100 anuoc^ep. 3amnTa 7— oCbiHHaa BOAa, 6etOH, nyryH. 8— ypaH. 
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3 AMEAilEH M E HEM TP0H0B 



ypAH238 


3JIEKTP0HU jt 


AO yAAPA 


YAAPA 


HOC/1E YAAPA 


nOCTIE YAAPA 


y pa h 235 


vpah 238 


Bbi3biBaa mx fleaeHMa. Rflpa ypaHa 238 
, ripn 3 tom ypaH 238 nepexoflMT CHanaaE 
nn pa3BMTna nenHOA peaKHMM HaAO Span 
o6beM Aeaameroca BemecTBa b o 6 ohx c 


SacTt HeftTpoHOB noraomaeTCa HApaMM ypaHa, 
0npe4ejieHH0A AOBOabHO ivtaaofi (pesoHaHCHOfi) 3Hepr 
pbIMM HefiTpOHaMM M OCOfieHHO xopoiuo MeAJieHHbIMM. 
HefiTpOHbl AO OHeprMM, MeHbLUe pe30HaHCH0M (npM 31 


om noraomavoT HePiTpoHbi 
yHkiA, a 3aTeM b nnyTOHM 
wcTbift ypaH 235, aafio 
AoameH dbiTb fioabwe up 


cex 3H6prHM, HO OCOSeHHO XOpOLilO HeMTpOHbl 
, FlApa ypaHa 235 xopouio AeaaTca fibicr- 
caynae Hepa3AeaeHHoro ypaHa 3anep,m-rb 
TMHecKoro). 


npwpoAHbiA ypaH npeACTaBaaeT co 6 ok> 
AByx H30TonoB: ypana 238 m ypaHa 235. 


OCHOBHOM 


HeftTpOH 


AoamHO 6biTb BemeotBO 


naoxo noraomaKUAMi 
MeHbiaaeTca CHopoci 







nPOTHBOEAHTEPHQAOrHMECHAfl 3A1UHTA HACEAEHHQ 


flpOBQAeHHe 
HQTBOpHblX M 


itJjeKLtM m o6ecneHHBaeT yHMHTOweHm 


flPEAMETbl 






3ALUMTHblE 


OTnyrMBAKDLUME 
HACEKOMbIX JHMAKOCTH 




ip0H3B0AH 


6oAe3Hefl. 


TyjiflpeMHH H ApyrHx 


XJIOpHOfl 




HHTapHBB o6pa60TKa- 


nPE^OXPAHHTE/lbHblE nPHBMBHH 
nOBblLUAKSt HEBOCnPMMMMHBOCTb /UOAEfi 
H MHdJEHUMOHHblM 3AB0/IEBAHMFIM 


UpOTMBOXHMP 


npOAOBOflbCT 


I AO/lWHb) 


3HWMH MHHpodaMP 


aamHTHbix 


'HW. ’ I J 41 4 

I CTPOrOE BbinOAHEHME BCEX MEPOnPMBTHM DO nPOTHBOBAHTEPHOflOHIHECKOfl 3AIUHTE 
1 COXPAHMT 3fl0P0BbE M WM3Hb MHOTMX M0R¥.H 



W0CTEHI11HE 

KOHTyPtlblE 

MMIEM 

PE»IIIOE nAGCA>KS1PCKOE CVAHO 


®€MAAPEHHUii MtfHOHOCELl 

/+- - — __ 








PEryflM POBKA TEJlErPAQHOrO AIMAPATA 

MEXAHHMECKAfl PEryjlHPOBKA Ann A PAT A 


yCTAHOBHA nHUiyUlETO PblHAT A 




J1OCfl0AOBaT8flbHOGTb y0T3H0BKH: 

I) onycTMTb 9 JieKTpOMarHMT, OTBMHHHBafl ra&Ky 7 ; 2 ) oc/ia 0 MTb 3 MekK 0 & 
bmht /; 3 ) nycTMTb b xoa nacoBofi M@xaHM 3 M| 4 ) HawaTb nanbueM neaoM 

pyHM Ha HKOpb 5 M BbIBMHHMBaTb BMHT 2 AO TeX nop, HOKa Ha JieHT© He 
noiiyHHTCH cnnowHan Hepta; 5 ) 3 aBepHytb bhht I. 


PEry/UIPOBKA PA3MAXA nMlUYlUErO PblMAfA 


lloDAOAoaaTe/ibHocTb peryjisipoBKH: 

1) ociiaSMTb 3MeHK0H bmht 3\ 2) c/iowMtb BHeTBepo TenerpacjjHyK) nem-y 
m npo/iowMTb ee MemAy nMwymMM pbinaroM m bmhtom 2 \ 3) 3aBepTbiBarb 
bmht 4 ao Tex nop, noHa nponoweHHan neHTa He 6yA®T npoTacHMBaTbcn 
c HeSojibLUMM TpeHMeM; 4) 3aBepHyTb bmht 3. 


yCTAHOBHA 3 J1 E K T P 0 M A f H H T A 


llOOflSAOBaTBJlbHOCTb yCTBHOBKH! 

1 ) Me>«Ay BepxHMM ynopHbiM bmhtom 4 m nMuuyiUMM pbmaroM nponowHTb 
TOHKyK) pacnopKy 0, onycTMB HKopb; 2) cnomeHHyw b '2—3 pa 3 a Tene- 
rpa^HyK) /ieHTy npono«MTb MewAy HKopeM 5 m nomocHbiMM HaACTas- 
KaMM 6 \ 3) noAHMMaTb 3/teKTpoMarHMT ramoft 7 ao tox nop, nona /tern-a 
He 6 yAet npoTacKMBaTbcn c HeSonboiMM TpenneM. 


3 J 1 EKTPMMECKAK PEryjlHPOBKA AFIIIAPATA 


PEryjlHPOBKA KJ 1 IOHA 



(lOGJIBAOBaTBAbHOOTb pery/lHpOBKHI 

t) noAH^iiOHMTb nMTaHMe j 2) ycTaHOBMTb nepeK/iKjHaTenb Tona b no/ioweHMe „Ha no- 
CTOHHHbiM tok“; 3) b cpeAHee OTBepcTMe rpoMOOTBOAa BCTaBMTb uiTencejib; 4) pa 3 - 
Mbikan m 3 aMbiHan k/ihjhom aneHTpMHecKyto uenb m peryjiMpyn raHKO* 8 HaTnweHMe 
COMpaabHOM npyJHMHbl, ^OfiMTbCH OTHeTJlMBOM pafiOTbl HHOpn M 3 anMCM 3 HaH 0 B Ha JieHTe. 


cm 



PeryAiipoBKa HAwna coctoht hi aayx onepaunii: peryAHpoeKH pa3Maxa KAiosa h ycTaHOBKH 
ero np cxeMe paSonero mam nocTOAHHoro TOKa. HtoCw yoraHOBHTb pa3Max HAfona, Heo6- 
XOAHMO: 1 ) OCAa6bTb CTOIlOpHblfi BHHT / H BbIBMHTHTb K0HT3KTHblfi BMHT 2 Ha OflMH — ASa 

oSopota; 2 ) Hawas Ha pyxoaTKy 3 kawms, 3aMKHyrb nepeAHKfl MOHraHT 4 \ 3 ) CAOWHTb 
BHeTBepo TeAerpatjiHyio ASHTy M. npoAOWHTb ee MewAy kohtbkthwm bmhtom 2 H 3aflHefl koh- 
TBKTHOfl npyWMHOfi 5 \ BBapTblBaTb KOHTaKTHblfl BHHT 2 AO TeX BOp, AOKa A9HT3 H8 SyAST BpO- 
TacKMBaTbca c TpeHMeM; 3aHpenMTb CTonopHbift bhht /. Hto6h ycTaHOBMTb kaioh Ha hocto- 


:> 80T00246A045400240001-1 










CBETOMACKMPOBKA 3ATPyflH«ET; OEHAPYH4EHME HACEJIEHHOrO flYHKTA 
B HOHHOE BPEMH 


1®® 






n p o t m b o n o w n p h n n 3 n mu t n jao m n 


npeAynpeAMTeubHbie npoTHBonoKapubie MeponpHHTHH peHbmaiOT BosMowHocrb aaropaHHR, npanaiDiBysoi pacnpoDTpaHSHHio or»a h ofi/ienaioT dopbdy c nomapaMH. 


3arpoMOWfleHHbie 
HHHbie KJIGTKa M 
bixoAy HaceaeHun n; 
■ip, Bbmocy Bemefi 


3aX/iaMAeHH0CTb ABOpOB 
a npoesflOB 3aTpyAHHeT 
AefiCTBMfl nowapHbix KOMaHA 
a C03Aaer ao3MomnoCTb 
B03HHKHOBeHHB a paCnpOCT- 
paHeHHfl nomapa. 


3axjiaMaeHHOCTb aepAaaa 

C03AaeT SnaronpanTHbie yc- 
iiOBMa A^fl • pacnpocTpane- 
Han nomapa a npenatcTBy- 


HOMaHA 


nomapa. 


HepAa 1 - 


C JieCTHaHHbIX 
(Mefieab, ApoBa), a 
TaBonomapHbifl aae 


neroa yCapatorcH rpoM03Aaae npeAMerw 
/lecTaaHHbix KJiGTaax pa3Memaerca npo- 
itapb (orHeTyuuaTe/ia a Ap.) 


lOMemet 


OHamatoTca ot cropaeMt 
aepAanHoe nepeapbitae h 


t npeA- 


/Uopbi osamatoTCfl ot cropaeMbix v 
b. rioACtynbi k 3AaHaflM a npoe3Abi 


rp0M03AHax MaTept 
aO/lWHbl fibITb CBOfiC 




ctpyanaa o6i«a3biE 
cocraBaMa. HepAaK 
nomapa. 


orHe3ai4ai 


opeACi 


r HAponynbT-BOApo npa- 
MeafleTCH npa TyiueHaa 
3awaraTenbHbix 6 om 6 a 
HasMHatomaxcfi '3aropaHaa. 
Ko/ianeCTBO BOAbi b boa- 
pe (15—20 a) npa Hop- 
Ma/ibHoa pa6ore xBaTaeT 
Ha I'AMaH. ./(naaa CTpya— 
8—10 m. Beo raApony/ibTa 
(6e3 BOAbi) -7,5 ki . 


XaManecaae omeTyLua- 
Tena cnymaT A-na fyiueHaa 
iamaraTeJibHbix oom 6 a 
naHanaKHMaxca 3a1opaHaa; 
rycToneHHbie qiaeTywa- 
rena MoryT npajiteHBTbCH 
Taame a-w Tyaiwan ro- 
pwaax maAKOCTOflj Orae- 
Tyiuatena pa3Memat<5TCH 
Ha HepAaaax, nedi^iaHHbix 
KneTKax, BHyTpa nbMeme- 
Haa. EMKOCTb ornery urne- 
/m— 9,5 .fpiaa^jcrpya— 

8 , ripOAO/lWMTd/lbHOCTb 
AedCTBaa— 1'/2 MaHl 


5IIHMK 

A/lfl 

IIECKfl 


tlomapHbie HpaHbi MoryT 6bitb ycra- 
HO : B/ieHbi Ha necTHaHHbix H/iOTKax, * BHyT- 
pa cnymeCHbix noMemeHafi, b noABa/iax. 
riomapHbie pyaaBa co CTBonaiua AonmHbi 
aaxoAMTbCn nocTOHHHO npaMHHyTbiMa a 
KpaHaM a noniemaTbcn b cneuaaiibHbix 
umaijiax. . ' 


.Aar TyujQHMR nowapoB npMM6HRK)TCH: BOfla , necow, orHeracRTeAbHan neHa m nowapHbiM 
HHBBHTapb (tonopbi, Parpbi, Aonatbi w flp.) 
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MDAE/lb nOABDAHOli JIOflK 





170C/7E/J0BA TE/JbHOCTh 05PA50 TKM /fOPHYCA 

OHEPAU,HM, UHcmpyMenm gna onopPuud 


/ J Pa 3 MeraHQ Kopnyca f \ dug c 6 o«y) 


2 OopaGom xa 6o/-ca 


LUA 6/1 OH b i 


P/jm® . 3upM 2 uME& liu. MB 

i J J i J 

BbtKPOHKM ME T A/1 EM 


a 


Hewm yjist naH«au4sm c vepmeMa, ruve$H, fiomm. $$$%»> 

3 . Pa 3 Memtxa Kopnyca a nasrydbt fSug cSepxy} 


Om ce&z 



Bom max ( 
i/ 38 u 6 aemc& 
Q) u Kpenumca 
' xpoHLumeun 


CnEU,M<pMKAW*P 



MsoJwdgM mHiaxeah-m c vepmeMapu.iema, yee&n* popxyA x ’pa^ u ■ 

4 O 6 pa 6 omxo Kopnyca u nay?y 5 b! 


BceEbtxpouxu 3 mux gernasieu nepexosiomb h 
xapmoH, Bupesamb u ucno/ib 3 o 8 amb kok 
lua&rto/ibt gjip pasMemxu hq Ttcecmu 


0 

t Ha UMenoBanu e 

0 

Mamepua,'ifpa3M Bmm) j 


Kopnyc. 

HocoSuq sopu30Hma/ibHtye py/tu. 

PyShca 

BamepswHust 

KopMoQus Bopu3QnmanbHb(e py/iu. 

BepmuKcuibHbtu pyy?b 

[JpeBHOu BuHm 

BycuHfka. 

nopMoSou xpoHu/meOH 

KopMOBOU KpfOWOK 

Pe3UHOMomop 

BctJtsiacm 

HodoBou kptovoK 

'.3aBogHasf jPyuKn 


flepeBo 280x25x27 
7/fscmb 0, 5 
TKecrnb 0,5 
HapucoBamb 
TKecmb 0,5 
7Kecmb 0,5 
TKecmb 0,5 

fc TKecrmb 0,5 

If fTpoBoMOKa 0*/ 
Pe3UHct 1*4 
CBuHQii 80*5*5 
ripoBo/ioxa (p> / 
TpyExa, JipooanoHo 


Hom , 'pctttffHj, 

5cu 4 tu 


Ho«boahmmh jioflicaMH Ha3biBatorca BoenHbie 
KOpaSaH, njiaBaiomHe He TOAbxo Ha riOBepxHOCTH 
boau, ho h noA BOAOft, Ha r.iySHHe ao H'ecxoAbKHx 
AeCHTKOB MeTpOB. B nOABOAHOM nOAOHteHHH .lOAKa 
ABHxeTCfl npH noMouiH ajieKTpoMOTopoB, paSoTaro- 
whx ot aKKyMyjiHTopoB. ftjist HaABOAHoro xoAa h 
3apflAKH aKKyMyjaropOB ycTaHOBjienw AH3ejin. 
JIoaka ynpaBjiaetca BepTHKa.ibHbiMir h ropH30H- 
TaJibHbiMH pyAHMH. flan norpyxeHHH aoakh 3a- 
CopTHyio BOAy BnycxaiOT b cneuHa.ibUbie uncTepnu. 
Aah BcnabiTaa Ha noBepxHOCTb Boay H3 CaAAa- 
CTHblX UHCTepH BbITeCHaiOT CStaTblM B03AyXOM. 

ripeAJiaraeMaa MOAeab, cHaSaceHHaa pe3HH0Mo- 
topoM, nptf ABHJKennH noA AeflcToaeM ropH30HTaab- 





Hbix pyaeft norpyataetca, npoxoAHt noa boaoS 
10—15 m, a 3aTeM BcnAbmaeT. 

Kopnyc MOAeAH BbicTpyrHBaiOT H3 Opycxa cyxo- 
ro AepeBa Aerxoft nopoAbf (cocHa, eAb, ocHHa, ah- 
na) pa3MepoM 280X25X21 mm. IIocAeAOBaTeAb- 
HOCTb o6pa5oTKH Kopnyca h cOopxa moacah noxa- 
3aHbi na aepTewe. 

riOCAe cSopKH MOAOAb OKpauiHBaiOT MaCAHHOii 
KpaCKOH. 

Pe3HHOMOTOp AOAaiOT H3 pe3HH0B0H AeHTbl TOA- 
UtHHOii 1 MM H UJHpHHOH 4 MM. ^AHHa P63HH0B0H 
AeHTbl AOAHtHa 6bITb paBHa AAHHe MOAeAH. BaA- 
AacT noA^HpaioT H3 MeTaAAHaecKOii nAacTHHbi (Aya- 
me cbhhuoboh), xoTopyio cHaaA/ia noABH3biBaioT 
k MOAeAH. Bee CaAAacta noASHpaioT tax, htoSw 


3 uu HoJHjaumuAb , 

igcMHQSi SyMaza, umqjiohl 


flpoBepxa cuaS/io- 
II 5 uu hqmu npu oopaOcmKe 
* J Kop.n\ c a MOjyesiu nogBopMOu siog/ou 


AOAKa norpy*a.iacb a BOAy ao naAyUbi; aateM 
SaAAacT Bpe3aioT b xopnyc h npaffaBatoT rB03Aa- 
mh, Kan 3TO n0Ka3aH0 Ha aepieace. OKOHaaTeAbHO 
MOAeAb OKpauiHBaroT nocae ytcpenAeHHa SaAAa- 
cTa. HtoSw 3anycTHTb MOAeAb, oahh KOHeit pe3HHO- 
MOTOpa H3A0 CHBTb C KpIOBKa H paCTHHyTb pttpMHy 
Ha noATopbi ee aahhm. PacraHyryH) pe3HHy 3axpy- 
HHBaioT ao Tex nop, noxa OHa no Been AAHHe He 
noxpoeTCH «KOAwmxaMH» (350—400 oSoporoB). 
3aTeM HaAeBaiOT pe3HHy Ha xproaox h CAerxa Ha- 
KAOHBiOT nepeAHtoio xpoMxy hocobmx ropH30HTaAb- 
Hbix pyaefl (xopMOBbie CTaBBT ropH30HTaAbHo). 
3anycxaioT MOAeAb Ha boas. Jlyauie Bcero pe3HHO- 
MOTOp 3axpyHHBaTb APeAblO hah cneu.HaAbHofi py- 
KOHTKOH H3 npOBOAOKH. 


u T. n. Myrnau Ueurf* 


a AaSo^aroSHa st&ptnofo il6iejn3Ma AOCAAi CCC? Haas 


i<j mOCAAO * Mockaa— 19! 


l-#a AOCAAit, r tymiiHO. 3aK. 29? 
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nnanaT ..Annapai Mop3e“ Ha 3 HHCtax. 


TE/lErPA(DHblM AHIIAPAT 


nMUjymM$i nPMEMHMK 


OCHOBHblE HACTM AfinAPATA 


TaKTHKO-TexHMMecKHe AaHHbie annapaia 

Te^erpa4)Han CBH3b ocymecTb/ineTcn no nocroHHHbiM, uuecTOBbiM 
H Ha6e/lbHblM JIM H M5=l M. /la/lbHOCTb CBH3H: nO nOCTOHHHbIM JIMHUFIM 
AO 800 km , no uuecTOBbiM jimhhom ao 150 km, no na6e.nbHbiM 
/ikhmhm ao 75 km. CpeAHMki oQivteH 400 cjiob b sac. Bee anna- 
paia c muMKOM oko/io 23 ki. AnnapaT odcjiywnBaeTcn oahmm Te^e- 
rpai^ncTOM. CaopocTb ycTaHOBHM annapaTa 5 — 10 MUHyT. Be;iuHMHa 
TOHa b uenn 10 — 15 mo. 


BcriQMOraTenbHbie npH6op‘bi 


nHwymMfi npHBMHHK 


OSIKMfl BMA AIUIAPATA 


annapata 


flPyWMHHblfl ABMTATEnb 


htniOH-nepeflaTMHK 


Xpanoeoe 


AepeaflHHan pyKoatrta 
jj|£^ N yKpbiujKa wopoOp 


/TOAmeHHe 
./iaTy HHOi? 

' KOpoCKH 


KJH04 - I1EPEAAT4HK 


PyKOflTKa 


fl/lOCKaa 




Xpanosaa 

codaMKa 


ctepwHH PerynMpoeoMHue 


KOHTaKTHWM 


AByxnneMMft 




nmuymnS pbiMAr 


HATHWHOE riPMCnOCOEJlEHME 

OTBepoTHe Ann semi. .. CrepmeHb c Hape3noft 

cpacoHHaa pery/inpoBOHHaa 


^|KoHTaKTHafl npymHHa 


’ CTOnopHWft BMHT 

• UJecTHrpaHHan npn3Ma; 
' KoHTaKTHan npymMHa j 


• BwTOHwa 


LUthcJjt 


AaTyHHUfl CpycoH- 


^epeenHHoe 


KpOHLUTeftHa 


• AatyHHafl 


HatawHoe npnenocodfleHne 


^ npywHHa ' 


npywMHa 


MACOBOH MEXAHH3M 


LlQKOJlb C BblABMHiHOfi AOCKOfl 


BCflOMOr ATEJlbHblE flPMBOPbl 


ynOpHWd HpOHUiTeftH^ 


AeHTOBUBOAmuaa 


3aWMMbl AMHeftHbJX BepXHflfl 


. flonwcHaa HaActaBKa 


!43orHyTbii 


DTepweHb 




noABMWHaa floKOBaa 


noAM/iioMeHMa 







npeaynpeflHTejibHbie npoTijBQnowapHbie MgponpHRTHH peculator BOSMowHoctb saropaHHH, npanaiciBytoT pacnpocTpaneHHH) orna h oGiiernaiOT dopbdy c nowapaMH. 


3arpoMowAei 


3ax/iaM.neHHOCTb nepAaaa 
C03AaeT fijiaronpunrHbie yc- 
aoBaa a aa pacnpocTpaHe- 
aaa nomapa a npenaTCTBy- 
er TyiiieHMto ero. 


3ax/iaM/ieHH0CTb Asopoa 
a npoe3Aoa 3aTpyAHaeT 

M C03AaeT B03M0f«H0CTb 
803HMHH0BeHMa a pacnpocT- 
paHenaa nomapa. 


(eujaioT 


BbixoAy HaceaeHaa m3 kb 
T up, BbiHOcy Bemefi a 
6oTe nomapHbix KcrnaHA 
BpeMH nowapa. 


HepAaHHbie noMemeHaa oiamaioTca ot cropaeMbix npeA- 
MeTOB a MaTepaaaoB. Ha HepAaaHoe nepeapbiTae Hacbinaer- 
ca poBHbia caoa necaa, 3eiuaa aaa waaKa. /(epeBHHHbie koh- 
CTpyaiiMH o6Ma3bmaK)Tca cneuaaabHbiMa orHe3amMTHbiMM 
cocTaBaMH. HepAaHM oCecnenaBatorca cpeACTBaMa TyweHaa 
nowapa. 


C aecTHMHHbix HaeroH yfiaparoTca rpoM03AKae npeAweTbi 
(MeSeab, ApoBa), Ha aecTHMHHbix sraeTHax pa3Memaerca npo- 
THBonomapHbiM HHBeHtapb (orHeTyuiarena a AP-) 


Asopu oHMiiiawTca ot cropaeMbix \t 
a. rioACTyribi k 3AaHaaM h npoe3Abi 


rpoM03AKMx MaTepaa- 
aoawHbi 6bitb cboSoa- 


T MAponyabT-BeApo npa- 
MeHaeTca npa TyuieHaa 
3amaraTe/ibHbix 6 om 6 a 
HanaHawmaxca 3aropaHaa. 
HoaaHecTBO BOAbi b bsa- 
pe (15—20 a ) npa Hop- 
MaabHoa pafioie xBaiaeT 
Ha 1'/2MaH. flaana CTpya — 
8 — 10 m. Bee raAponyabTa 
(6e3 boaw) -7,5 Ki. 


XaMaaecKae orjieTywa- 
Teaa caywaT A-na TyuieHaa 
aaHtarareabHbix 6om6 a 
HaHHHaK3Lu,HxcH 3arppaHafi; 
rycToneHHbie orHeTyiua- 
Teaa MoryT npaMSHaTbca 
Taame Aaa TyuieHaa ro- 
pwnax waAKOCTeai OrHe- 
ryuiaTeaa pa3Me|4aioTCH 
Ha nepAaKax, aecTHHHHbix 
KaeTHax, BHyTpa ijoMeme- 
hh(i. EMKOCTb orHejryuiHTe- 
aa— 9.5 a . /laana CTpya— 
8 TlpoAOawaTen'bHOCTb 
AeftCTBaa— 1'/2MaH.i 


rioHiapubie HpaHbi MoryT SbiTb ycra- 
HOBaeHbi Ha aepTHaHHbix aaeTKax, BHyr- 
pa oayweSHbix nowemeHaa, b noABaaax. 
rioJKapHbie pyaaBa co CTBoaaMa AoawHbi 
HaXOAHTbCa nOCTOHHHO npaMKHyTbIMM K 
apaHaM a noMeinatbca b cneuaaabHbix 


J\jir TyLueHun nowapoB npMMeHfiioTCFi: BOAa,necoH, omeracMTeAbHaH neHa m nowapm 
HHBsHTapb (ronopbt, (Jarpbi, Jionatbi m flp.) 



sm 


1:1 j 


CnOCOBbl TyillEHMfl 
3AH(Mr ATEJIbHblX ABHA60M6 


jaHMe 6om6 c HpbiiuM c noMOiiibto zionarw win 
bqhho pyHaMM b pyHaBHuax. 

> orHeTyujMTe^eM. 

* b muMKe c necHOM m 3eM.nen. 

* ropamnx crycTKOB HanajiMa win rinporejifi Ha. 
i 3AaHna nyieM nx cocHpeSaHnn iionaTon m 

CH/lbHOH CTpyeM BOflbl . 

6om 6 MomeT npon3BOAHTbca tamne b Sonne 


' r " 







3/IEKTPMMECKHE CXEMM TE/IErPA4>H0r0 AIH1APATA 



I CxeMa CTaHUHH Ha (ioctohhhom 
| TOXB C nOAKJIKHgHHbIM DHTaHHeM 



CxeMa aayx ciaHUHH Ha nocTOHHHOM Tone 
(nmaHHe noaaeron c HananbHOM CTamiHH) 


CxeMa A»yx craHUHM Ha pafioHBM Tone 

(nepefla@T ct 3 huhh B) 




CxeMa Tpex cTanuHA Ha hoctohhhom tokb 

floAHaa npoBepKa cxeMbi TejierpaitiHoro annapaTa (nHTaHHe noaaSTCfl o Hana/ibHon ct 3 huhh) npoBepKa cxbmm Tenerpa^Horo annapaia no TOHKaM 

(c 1 no 13) 





B ueHTpe aTONta HaxoflMTCa noaowMTe^bHO 3apnmeHH0e sflpo, Boapyr KOToporo AsawyTcn 
3/ieKTpOHbl — HaCTM4bl, MMeWlAMG OTpMUaTe^bHblfl 3JieKTpMHeCKM& 3ap HA' 



Pa3Mepbi aTOMa raa Ma/ibi, hto Ha 0Tpe3Ke a-bhhoio 
B I CaHTMMGTp MOWHO yjlOWMTb npMMGpHO 100 000 000 aTOMOE 



Pa3Mepw ftflpa b a^gsthm twchh pa3 MBHbwe pa3MepoB aTOMa. Ecjim npeACTaBHTb oeCe 
HAPO Be/IHHMHOH C BHUJHK), TO A MaM e T P aTOMa COCTaBMT HeCKOAbHO COT MOTpOB. 
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TE PMOSIflEPHAfl PEAKUHfl 


CoeAMHeHMe s§ max flflep conpoBOWAaeTca BbiAe/ieHneM orpoHHoro KOJinnecTBa 3Hep- 
run. Tanas peaanaa npoacxoAaT npa TeiwnepaTypax b AacsTKs mhsjimohob rpaAycoB; 
npa 3tom aApa no/iynawT aHeprmo, AOCTaTOHHyw j\na Toro, HTofibi, npeoAoneB casbi 
3/ieHTpoctaTMHecKoro OTTa/iHMBaHHH, c6sn3HTbca n coeAMHa-rbca. 


BepxHnfi pacyHOK: coeAMHeHae BApa AeaTepaa h rpvn ns c ofipaaoBaaneM HeftTpo- 
Ha m HApa resaa; hmikhmA pacyHOK: coeAaaeHae BApa AefiTepaa a saTaa c o6pa30BaHa- 
eiw Aayx aAep reaaa. 
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AEJIEHME $1 A P A 



HorAa b aflpo Tawe/ioro onettema (Hanpuiuep, ypaHa) nona^aeT He&TpOH, oho B036ywAaeTca m mowot pa3AejinTbca 
Ha ABa „0CK0ana“, HOTopbie aBaatoTca HApaMU 6oaee ne rKMx aaeivieHTOB (Hanpmuep, KpMirroHa m 6apna). HapaAy c oc- 
KOAKaMH noaBa botch Aaa-Tpa CBOooAHbix HentpoHa. flpn Aeae hmm ocBo6owAaeTca orpoMHoe Ko/iMsecTBO OHepraa. 






